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Forew ord

The NationallSi Licu Bure W orksh op, h ostd by te NationalForest in Nort Carollna, tie Soutiern
Region (Region 8), and te Souteaskrn ForestExperimentStation, was he B Nowmber 1993 atte
Kanuga Con€renc Centr,H endersonv M, NC.The purpose oft is w orksh op w as 1o rexdew , discuss,
and sh are si Licu Blurallreseardr inform ation and m anagem entexperienc crittcallfor im p Im enting
ecosyseEm managem enton NationaBForestSysem hnds and ot er Federalland privak forest hnds. The
aut ors representd a cross section oft e forestty con m unity and addressed te im portanc and roll of
si Mau Bure in ecosysem managem entfrom te \iew point ofreseard , education, and knd m anagement
Some oftie speakers were unab I 1o prepare papers for tis procedings.

He B trips ©© te BentCreek ExperimentalForest te Pisgah NationalForest and te Crad I of
Forestty were hosted by teir respectinve staff. These trips gawe te paridpant an opportunity ©
obsene and discuss forestreseardr and m anagem entactivities in tte Soutern Appabchiians.One ofte
high Igh & ofte day was aspedalhistoricalls Ide program and tour oftie exhibit atte Crad L.

The Washington Ofie Tim ber Management (W O-TM) and ForestManagem entReseard (W O-FMR)
staff appredae te eflors ofour ForestSrvc host in Nortt Carolnha.We tank Dawd Loftis and
Diana Quinn, Sout eastrn ForestExperimentStaton; Ed Brow n, Natona BFores® in Nort Carolbha;
and Bobby Kith ens, Souti ern Region, for teir Badership and supportin p hnning, arranging, and
hosting tie workshop.We alocommend te speakers for tieir exe Entpresentatons, te m oderators
who Bd te sessions, tie 160 peopl wh o represent®d aMNationa IForestRegions and Researdi Stations,
sexerallW ashington O fiice Nationa BForestSysem and Researdi Staff, and te spedallguest who
partidpatd in te workshop.Spedallrecognition is extnded © ArtRowe, District Ranger, Pisgah
Nationa BForest, for m aking t e Crad I of Forestry avai b | 10 our w ork sh op \sitors .

On Sepember 16, 1994, Wilam “Bi W S ands died . Forestty has bsta good friend . Bi Bw as one of
te keynotk speakers during our w orksh op and a respected \oice in te forestty conmunity.H e wi Hbe
missed .

Papers pub Ished in tis proczedings recived Emitd editng 1 ensure a consisentform at Aut ors are
responsib I for te conentand accuracy ofteir indinviduallpapers.

Dennis Murphy Ne Bon Loftus
Tim ber Management Forest Managem ent Researd
W ash ington, DC W ashington, DC
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Nationa BForests and tte H um an Legacy:
Some H istory

Willam E. Shands

Abstract

Today’s nationalforests are the Bgacy of centuries of

human action intracting witt naturallexent. They reflict

decisions and actions aimed atreallzing basic human
aspirations. These actiities can be traced from woods
burning by Natixe Americans, © farm cBaring by ear¥
settlrs, to cutting of the forests on a grand scall in te
Bt 1800% t estab Ishment of nationall forests during te
Great Depression 1 re Bexne human suffering as we Bas ©
restore tte Bnd. Since WorB War I (WW II), tim ber
hanesting has contstd with a growing publc concern
o\ver noncommodity resources and valies. Ecosystm
management responds t© these new pub lc \valies.

Introduction

My charge is to p lhce ecosystem management in
an historic context, with particular application
to the national forests here in the Southern
Appalachians. This morning, | will discuss how
humans have influenced the forests, and how
these influences have determined the silvicultural
opportunities available to you today. While | will
mainly use examples from the eastern national
forests and the Southern Appalachians, those of
you from the West should be able to extrapolate
what | say to your own forests.

First, | want to show you some slides-not many,
but they will help me make a point. This first
group of slides shows scenes from Pennsylvania,
taken shortly after the turn of the century. You
can see how the origina forest was removed,
leaving badly eroded hillsides and an entire region
vulnerable to flooding. Today, these hillsides
again are forested, reflecting public investment,
scientific management, and the resiliency of

the eastern forests. These photos illustrate the
history of much of the forest land of the East.
Trees were cut to provide timber to meet the
needs of a growing population-a response to
human needs and values. Little attention was
paid to how the trees were harvested, resulting in
terrible erosion and floods. In recent years, again

Senior Fe Bbw, Pinch ot Institut for Conservation, and
Vice-President Institut for Forest Analbsis, P Rhnning,
and Pollcy, FalB Church, VA

in response to changing values, there have been
major investments in restoration and protection.

This second series of dides are scenes from the
Shawnee National Forest in southern Illinois when
it was acquired by the Federa Government in
the mid-1930's. You can see that it was mainly
farmland with severely eroded fields. Farm
families, like those shown in some of the photos,
found it hard to survive. The Shawnee is one of
a score of eastern national forests established
during the Great Depression. The Shawnee was
established, in part, to help improve the lot of
families like those shown in the dides. Again,
these Depression Era-New Dea forests were
established to achieve broad social goals-to
relieve human suffering and help the nation
recover from painful economic distress. The
Shawnee is another success story; worn out
farmland has been returned to forest and made
productive once again.

My theme today-reflected in these photos-is
this:

The forests on which you practice silviculture
today are the legacy of centuries of human
decisions and actions. These actions were as
diverse as seasonal burning by Native Americans,
reforestation by the Civilian Conservation Corps,
control of wildfire, and the implementation of
laws, policies and programs such as the Weeks
Law and MultipleeUse Sustained Yield Act
(MUSY).

And as the activities are diverse, so are the people
who have left their mark on the land. The role
includes Native Americans, explorer Hernando
DeSoto, settlers from Great Britain, and in more
recent times, George Perkins Marsh, Carl Alwin
Schenck, Gifford Pinchot, Hubert Humphrey, and
today’s foresters, silviculturists, and researchers.

Some people would like to return the forests to
some ideal point in the past. This infers that
nature has some constant objective for the forests
and if left to her own devices would eventually
overcome centuries of human influence to achieve



that objective. This is nonsense. Nature herself is
chaotic and unpredictable. That the forests we see
around us are the product of disturbance, som e

of which we would call “natural”-ice storms,
blowdowns, drought. Over the centuries, human
action has interacted with natural events to create
the mosaics of species and age classes we see in
the forests around us. The desire to “return” the
forest to some primeval ided is itself an arbitrary
decision that reflects contemporary human values,
not some natural order.

So, too, is the current drive toward ecosystem
management a reflection of human values that
directs management toward the achievement of
human-derived objectives that reflect a heightened
concern for “natural” systems.

Now, let's embark on a fast-forward trip through
history. | have had to be selective, emphasizing
events and trends that illustrate the evolution of
human-forest interactions. How then have societal
forces influenced the forests and through the
evolution of knowledge and values brought us to
ecosystem management?

The Natinxe Americans

In the United States, we usualy date the
beginnings of human impact on nature from the
date of European settlement. According to a
widely held view, settlers ravaged the wild forest
in their drive to conquer nature and domesticate
the wilderness. Some recent writers differ,
however, asserting that the aboriginal natives
had a not-insignificant impact on the landscape
(Cronin 1983, Williams 1989). For example,
Williams writes that

By the time European man landed on the
eastern shores of America, portions of the
woodlands were in the process of being changed
to a more open, parklike vegetation, largely
through the agency of Indian agriculture and
the use of fire for clearing and hunting. Much of
the ‘natural’ forest remained, but the forest was
not the vast, silent, unbroken, impenetrable and
dense tangle of trees beloved by many writers in
their romantic accounts of the forest wilderness.

The Cherokee Indians in the hills and valleys
around Franklin, NC, a few miles to the south of

where we sit, are said to have been “the largest,
strongest, and most highly civilized [of any

Indian tribe] in the country” (Neshitt 1941).
While overal numbers were small compared to
the numbers that populate these hills today,
concentrations numbered in the thousands. The
Cherokee had their own version of cities, suburbs,
and rural developments with a well-developed civic
organization, agriculture, and commerce.

Native Americans manipulated their environment
to a significant extent, modifying it to meet their
needs. In addition to their settlements, they
cleared large areas in the forests to grow crops
and repeatedly set fire to the underbrush to make
it easier to move through the woods, to encourage
the growth of berries and herbs for their own use,
and to stimulate young growth favored by game.

Of the effect of Native Americans use of fire, fire
historian Stephen J. Pine (1982) has written,
“So open were the woods, one author wrote with
a touch of hyperbole, it was possible to drive

a stagecoach from the eastern seaboard to St.
Louis without benefit of a cleared road ... for
this condition, Indian fire practices were largely
responsible.”

Of the effect of the Native Americans, historian
Williams concludes that “... the Indians were
a potent, if not crucia ecological factor in the

distribution and composition of the forest.”

The Era ofSettiment

The early European settlers pushed into the
woods, clearing them for villages, homesites, and
fields in which to grow their croplands. They
continued the practice of seasonal burnings, and
enlarged the clearings made by Native Americans.
But as the numbers of settlers grew, land clearing
also increased. Trees were required for homes and
fences, and above all-for firewood. But trees also
had to be removed to make way for crops and
over the decades, the amount of forest land in
the East inexorably shrank as the area in farm
fields expanded (MacCleery 1992). By the time
the logging industry began cutting the forests in
earnest in the mid-1800's, much of the Northeast
and Central Atlantic States had been cleared and
settled.



Nonetheless, extensive forests remained in the
Appalachian Mountains and to the west of the
settled areas. In the late 1800’s, travelers in the
Southern Appalachians reported stands of mixed
hardwoods with trees more than a hundred feet
tall and 4 to 7 feet in diameter. In the coves
below Mount Mitchell, government surveyors
found “A forest of oaks, hickories, maples,
chestnuts, and tulip poplars, some of them large
enough to be suggestive of the giant trees on the
Pacific Coast” (Ayres and Ashe 1902).

The three upper Lake States-Michigan,
Wisconsin, and Minnesota-especially contained
a rich lode of timber. Surveyors in the 1830's
estimated that standing pine timber in Michigan
amounted to 150 billion board feet (bbf), said to
be sufficient to build ten million six-room houses
(Maybee 1960).

The Industriallzation ofthe Forest

We can date the industrialization of the forests
from about 1850. Simple demographics account
for the tremendous increase in pressure on the
remaining forests of the East. Between 1820 and
1870, the nation’s population quadrupled-from
9.6 million to 38.6 million. And from 1870 to
1900, it nearly doubled again-to 76.2 million.
This was the era of westward expansion. Timber
was required to build Chicago and other
Midwestern cities, for crossties for the railroads
that soon would span the continent, and for mine
timbers.

In the middle of the century, the logging industry
developed the technology to cut, transport, and
mill immense quantities of timber required to
satisfy the needs of a growing, westward-spreading
population. The railroad became a common mode
of transportation, and found its way into the
woods. Steam engines became more efficient,
driving the saws that milled the timber into
lumber swiftly and efficiently. Between 1850 and
1910, the nation’s annual timber production
increased eightfold, from 5.4 bbf to 44.5 bbf.

In areas where there were deposits of iron ore,
timber was cut to make charcoal to fuel the iron
furnaces. In the mountains of western Virginia,
now in the George Washington National Forest,
there were 54 charcoal iron furnaces in operation

at different times throughout the 19th century.
Depending on the number and size of trees, it
took between 50 and 150 acres of trees each year
to provide charcoal for a furnace. Over time,
woodsmen cut virtually every living tree within
hauling distance of a furnace, with some stands
recut on what amounted to 30-year rotations.

Commercia logging on a grand scale came to
Michigan in the 1860’s, and shortly thereafter

to Wisconsin and Minnesota. The magnificent
white pines were cut first. In 1892, some 9 bbf

of white pine lumber was produced in the three
States. That was the end of the pine, and loggers
turned to other species-maple, oak, hemlock,
cedar, poplar, and jackpine, seeking opportunistic
markets.

With the Lake States' supply diminished, the
industry turned southward. In 1899, Indiana was
first among States in timber production. The
lands that are now the Hoosier National Forest
were cleared of timber between 1870 and 1910.
The story was repeated a few years later in the
South.

In the Southern Appalachians, the industry cut
the mixed pine and hardwoods with an approach
that might be termed extensive high-grading;
whatever trees were of value at any given time
were cut with little consideration of future species
or quality. Harvesting of the timber often was
followed by wildfire-with devastating effect on
the forest soils. Of the Southern Appalachians, a
Federal forester wrote in 1917:

It is very probable that the productive capacity
of forest soils throughout most of this region
have been greatly decreased by repeated fires,
so that the present forest growth is poorer

in composition and quality than it once was
(Frothingham 1917).

The Rise ofthe Consernvation
Mowmentand the Birth of Forestry

George Perkins Marsh's powerful 1864 volume,
Man and Nature or Physicall Geography as
Modified by H uman Action provided the
intellectual foundation for the ensuing campaign
to protect the nation's forests. People saw the



eradication of forests on a grand scale. They
experienced floods that seemed to be worse
following the removal of timber from hillsides

and fire that often raged through the dash.

The environmental movement of the era gained
momentum, reflecting a shift in public values from
exploitation to protection.

It was this public pressure that resulted in
passage of the Forest Reserve Act in 1891 and
establishment of the national forests. That
legislation permitted the President to withdraw
forested portions of the public domain-which
existed mainly in the West-from vulnerability
to private claims. The objective was to protect
the forests from overexploitation and maintain
forested watersheds for water supply (Dana and
Fairfax 1980). This marked the beginning of a
true Federal forest policy.

The late 1800's also saw the birth of forestry in
the United States, and the origins of Federal and
State policies for the protection and management
of forests. It was in 1892 that 27-year-old Gifford
Pinchot, in his words, brought “forestry to
America.” The place was George W. Vanderbilt's
Biltmore Estate near Asheville, NC.

Pinchot (1947) later recalled:

The old way of lumbering at Biltmore, and
everywhere else, was to cut out of the way all
the young growth that would interfere with
cheap and easy logging, and leave desolation
and a firetrap behind. It was no easy matter to
break this habit and train the loggers to respect
al small trees of valuable species, no matter
how much they stood in the way of chopper or
sawyer.

In 1894, Pinchot was succeeded at Biltmore by a
German forester, Carl Alwin Schenck. In 1898,
Schenck founded the Biltmore Forest School at the
site on today’s Pisgah National Forest that we call
“the Cradle of Forestry” (Schenck 1974). It was
about this time that Cornell and Yae Universities
established schools of forestry. Thus, at the turn
of the century there was a growing band of people
interested in managing forests for multiple benefits
and who were developing the skills to do so.

And during this period, Gifford Pinchot was
developing fundamental tenets of public forest

management that endure to this day. Pinchot set
out his philosophy in a letter he wrote to himself
for Agriculture Secretary James Wilson in 1905

as Pinchot and the new Forest Service took over
administration of the forest reserves:

In the administration of the forest reserves

it must be borne in mind that al land is to
be devoted to its most productive use for the
permanent good of the whole people and not
for the temporary benefit of individuals or
companies. All the resources of forest reserves
are for use and this must be brought about in a
thoroughly prompt and businesslike manner,
under such restrictions only as will ensure the
permanence of these resources ... Where
conflicting interests must be reconciled the
question will always be decided from the
standpoint of the greatest good to the greatest
number in the long run (Pinchot 1947).

Creation ofthe Easttrn National
Forests

Evolving public values and the influences of broad
public policy on natural resources is reflected no
more dramatically than in the establishment and
management of the Eastern national forests up

to WWII. As we sit here in the shadow of the
first Weeks Law forest, it is worth examining

the history of these lands and how they are
intertwined with socia aspirations of local people
and the nation.

The forests in the East were created in two
major bursts-the first dating from enactment of
the Weeks Law in 1911, the second occurring
during the Depression. Remember, the original
forest reserves were established from the public
domain, and mainly were located in the West.
In the States of the original 13 colonies, there
was no Federal public domain, so any land for
forest reserves would have to be purchased.
However, there was no authority for the Federal
Government to purchase land for forest reserves.

The campaign for forest reserves in the East
focused first on the Southern Appalachians and
the White Mountains of New Hampshire. In the
Southern Appalachians, boosters were interested
in the creation of a national park, believing
that the area’s scenic beauty would attract
tourists and enrich local economies. While the



Whit Mountains allo were impressive fatures

of e Endscape, tiere was growing conern o\er
fboding atiributd t© te remowallof forest at tie
Whit Mountain headw atrs of mapr streams. A
fbod in e Bt 1880% had damaged cotton mill
in Mandiestr, NH , and Bft 6,000 workers b Ess.

A 1902 report by Agricu Bure Secretary &mes
Willon on forest conditions in e Soutiern
Appabkaiians favored a forest resene ratier

tan a nationallpark . Willon buikhis case on
watrshed protction, arguing tat because teir
im portance for agricu Bure, watr power, and
navgation, tie region® rivers were “absolbe ¥
essential for e we HMbeing of e nation” H e
argued tat conservation of the forest was te
key o reguhktion of te riners (Willon 1902). But
te opposition, Bd by H ouse Speaker Je Cannon
(“Not one cnt for scenery”), was formidab .

A B ough support for te acquisiton of forest
resenes had spread © otier parts of te

East, fboding again prowed dedsive. In 1§07,
Pitshurgh was devastatd by fbods originating
in e headwatrs of e Monongahe bk Ri\er in

W est Mrginia. Two years htr te West Mrginia
Stat Hgishture enactd Hgishton permitiing te
Federal Gowvernment o buy hnd for what became
te Monongahe h Nationall Forest (Shands and
Heal 1977).

In 1911, Cannon% opposition was final# o\ercome.

The Weeks Law permitied te purchase of
“forestd, cutower, or denuded Bnds witin te
watrsheds of navigab B streams ...” Thus,
Federal agquisiion of forest was Enked © te
Federall Gonernments aut ority over intrstat
commerce -

Through 1923, 11 forest were estab Eshed,
beginning wit te Pisgah Nationall Forest Whil
teir number inclided te Whit Mountain

in New Hampshire and te A Hgheny in
nortwestrn Pennsy Lania, tie rest were bcatd
in e centraland Soutiern Appakchians. In
1924, Congress enacttd te Clarke-McNary Act,
whid added production of timber as a purpose
for estab Bshment of nationall forests. This was a
response t an intrest in natonall forest in Staks
where proection of watr fbws was not aitcal

The Depression and the New Deal
Forests

The second pulle of eastrn nationall forest

estab Bshment occurred during te Great
Depression. The New Deall forest-22 in
number-were creatd out of the suffring of
hnd and peopl-Eknd tat had been abused

and peopl trapped in economic despair. These
forest responded t te economic imperatives
of e era, paricu br¥ te detrioraton of

farm -based economies. They allo provded a base
of operations for e Civilan Consernvation Corps.

On tiese new nationall forests, tie Forest Service
concentrakd on aquiring knd, contro ling
wiBfires, and beginning te procss of restoration.
Nationa ¥, howewer, management of allte
nationall forest was custodiall Timber was
harestd, butin re htine ¥ small amount by
current standards ; te Forest Service w as seen

as the trustd custodian of the nationall forests,
protcting ttem from fire, erosion, pest, and
timber tiewes.

The PostWar Era and Mu kip B Use

ABtat adanged folbwing WW II. A new waw
of oconservation emerged and pobky was ©

be inaeasing¥ shaped by new and powerful
intrest groups. As the economy boomed and a
pentup demand for housing was reBased afer
te war, e natonallforest were subgct
unprecedentd pressures for timber-especia W
for softw ood saw timber used in construction. In
te Pacific Norttwest particu hr W ashington
and Oregon, industry had sustained tie wartime
demand by cutting it Hhnds beyond sustainab il
yie Bs_ H owe\er, abundant supp les of oB-grow t
softw ood spedes remained on te nationall fores®
in te region. In 1952, e Nationall Forest Systm
suppld on¥ 14 perent of te naton? sofiw ood
saw im ber; in 1970, itwas proMding 29 perent
(Shands and otiers 1979). Totall national forest
tim ber salls increased from 34 bbfin 1950 o 134
bbf in 1970.

But it was recreation tat focused te publc’
atention on te nationall forest as newer before.
The rise in demand for timber folbwing W W II
w as accom panied by an e\en sharper increase

in recreation use of the natonallforest as



they were discovered by people eager to camp,
backpack, and otherwise experience the outdoors.
Recreation interests, under the banner of resource
conservation, became a powerful advocacy group.
At the core of the coalition were traditional
sportsmen-hunters and fishermen-who were
joined by growing numbers of campers, hikers,
backpackers, and others who enjoyed the outdoors.

With recreation use burgeoning, the Forest Service
thought it useful to explicitly recognize its concern
for outdoor recreation and other nontimber uses of
the national forests. In 1960, the Forest Service
persuaded the Congress to enact the MUSY

Act. That Act, which codified long-standing
Agency policy, provided that the national forests
were to be managed for “outdoor recreation,

range, timber, watershed, and wildlife and fish.”
The MUSY Act dso explicitly reaffirmed that
wilderness was consistent with multiple use.

The MUSY Act required “the management of all
the various renewable surface resources of the
national forests so that they are utilized in the
combination that will best meet the needs of the
American people.” Further, the Act provided
that “some land will be used for less than al the
various resources,” implying that some uses could
be accorded primacy in some places. However,
passage of MUSY by no means assured equity
among the resources or a deemphasis in timber.

The assertion of new values was given impetus
by the Outdoor Recreation Resources Review
Commission (ORRRC). During the 1950’s,
recreation and conservation organizations
continued to grow in numbers and influence.

In 1958, they were able to persuade Congress
to establish the Outdoor Recreation Resources
Review Commission, commonly referred to by
its acronym ORRRC. Chaired by conservation
leader Laurance S. Rockefeller, with bipartisan
representation by some of the most powerful
members of Congress, its 1962 report focused
public attention on proposals that conservationists
had been promoting for years. Delivered to a
sympathetic administration, the ORRRC report
loosed a torrent of legidation and administrative
action. National systems of wilderness, wild and
scenic rivers, and trails were established. The
Land and Water Conservation Fund (LWCF)
was created to provide money for acquisition of
land by locdlities, States, and Federal agencies.

Finaly, a new agency-the Bureau of Outdoor
Recreation-was created to provide a locus

of Federal outdoor recreation policy and to
administer the LWCF.

Actions taken in response to ORRRC’s
recommendations had profound implications for
management of the national forests.

e With LWCF money, 1.2 million acres of land
with exceptional outdoor recreation potential
were added to the national forests.

e By Congressiona action, millions of acres of
national forest lands and waters were given
special designations-as wilderness, wild and
scenic rivers, national recreation areas-that
forbid or limited some uses, especialy timber
production.

e And as a result of the indepth studies of
potential wilderness areas and the inventories
of potential wild and scenic rivers, the public
became more aware of the national forests
superb back-country and their scenic, wildlife,
and ecological values.

Changing public values also were reflected in
an array of environmental legislation as the
condition of the nation’s environment attracted
public attention and concern. The National
Environmental Policy Act (NEPA) was to have
a profound impact on how all Federal agencies,
including the Forest Service, conducted the
public’'s business.

Increasingly, the Forest Service found itself in a
dilemma: how was it to allocate resources and
uses when demands for all uses were intensifying
and often in conflict on specific parcels of land?
As recreation use soared, the Forest Service

also was under pressure from Congress and the
executive branch to sell more timber to meet the
demands of a growing population and expanding
economy. Whereas Congress provided funding to
sell 5.6 bbf in 1950, it appropriated funding to sell
12.8 bbf in 19609.

And the Forest Service made another decision that
led to greater attention to its timber program. In
the 1950's and 1960’s, the Forest Service linked its
overal budget to timber harvest levels. Thus, in
order to get more money from Congress, it had to
cut more timber (Crafts 1969). As timber harvests
soared, conservationist interest in the national
forests solidified.



Clearly, new vaues were colliding with the
agency’s views of how the national forests should
be managed. The tide was clearly running

with those who favored greater attention to
environmental quality and less to the production
of commodities. In 1972, then-Forest Service Chief
Ed Cliff told Forest Service personnel that “Our
programs are out of balance to meet the public's
needs for the environmental 70's. Our direction
must be, and is being, changed’” (USDA Forest
Service 1970).

From its awakening under the banner of
recreation, public interest in noncommodity
resources and values of the national forests
broadened and deepened. This is reflected in the
major laws affecting the Forest Service enacted
between 1960 and 1980. During that two-decade
period, Congress enacted no less than 30 laws
affecting national forest management whose major
thrust was resources conservation, recreation, or
environmental quality.

Envronmentallsm, CRlarcutting,
RPA, and NFMA

In the 1970’s, the public began looking at what
was taking place on the national forests as it never
had before. Management practices, first on the
Bitterroot National Forest in Montana and then
on the Monongahela in West Virginia, stimulated
Congressional review of national forest policy.

In both cases, local citizens aided by national
conservation and environmental organizations,
challenged Forest Service management. The result
was a body of law that narrowed the Agency’'s
management discretion, mandated a complex,
localized planning process for individual national
forests, and required that the public be consulted
throughout the planning process. This, combined
with the Forest Service's own provisions for public
appeal of its management decisions, have given
interest groups considerable power to affect
Agency decisions. Most importantly, these new
laws disputed the premise that forest management
involved technical decisions best insulated from
politics. The era of the “trust us, we know what's
best” brand of forestry, had come to a close.

The Forest and Rangeland Renewable Resources
Planning Act of 1974 was a partia response to the
building controversy. Its intent was to rationalize

forest policy, and perhaps eliminate some of

the conflicts. In introducing the legislation that
began the RPA, Humphrey said, “... To put it
bluntly, we have a mess on our hands. Instead of
having a comprehensive plan for the governing and
protection of our resources, we have tended to
focus on each problem individualy.”

Humphrey believed that from the collection of
information (the RPA Assessment), rational
policy would emerge (the RPA Program and

the President’s Statement of Policy). Its
detractors notwithstanding, RPA has generated
information and made it widely available. But,
perhaps its greatest benefit-and one not widely
recognized-is the stimulation of discussion about
issues at the highest levels within the Forest
Service.

Then came the National Forest Management Act
of 1976. Strictures on Forest Service management,
cumbersome procedures that leave the Agency
vulnerable to legal action and the mandate for
public involvement al reflect the loss of Agency
credibility that can be traced back to that fateful
1950's decision to link Agency budgets to the
timber program.

Some Forest Service personnel see forest planning
as an onerous burden. Others, however, are
beginning to see forest planning as an opportunity
to engage in a dialogue with the forests clients.
Certainly, Chief Robertson consistently exhorted
the Agency to engage in a higher level of dialogue
with its clients and to “promote grass-roots
participation in [the agency’'s] decisions and
activities.”

On t Ecosystm Management

Which brings us to ecosystem management. Let's
recap, briefly.

We have seen how the public’s concern-indeed,
outrage-over intensive cutting of the forests in
the East and the attendant environmental effects
resulted in the creation of forest reserves in the
West and later, enactment of the Weeks Law and
the establishment of national forests in the East.

Similarly, we have seen how burgeoning timber
harvests following WWII combined with a growing



10

interest in recreation and concern over the quality
of the environment generaly brought us to a new
assessment of policies for the national forests. The
result: ecosystem management.

What of the future? Here is what | foresee:

A rejuvenated spirit of innovation. Launched in
1990 as the Forest Service's response to public
discontent over national forest management, New
Perspectives released change agents throughout
Forest Service Research and the National Forest
System. This spirit of innovation will continue to
be a halmark of ecosystem management.

Growing recognition of the complexity of forest
management. Ecosystem management-concern
for al the bits and pieces of the forest-is
extremely complicated. Ecosystem management
will require skilled silviculturists who can manage
vegetation beyond timber for the full range of
benefits and values.

An increased interest in the use of public lands
to provide goods and services for which they are
especialy well suited. This approach, which | call
management for distinctive values, emphasizes the
specia values of each individual national forest.
Each forest will provide a range of values and
uses, but not compete with what is offered by
other public and private lands in its area (Shands
1988).

More collaborative planning with the public

as participants in decisionmaking. The “Trust
me, | know what's best” era of forestry is gone
forever. Ordinary people are demanding a voice in
decisions that effect their lives. This will result in
better decisions and greater Agency credibility.
And new, stronger relationships between Forest
Service Research, the National Forest System,
and the public. No longer can anyone work in
isolation. Many people can contribute pieces of
solutions. No mater what your job description,
you have a responsibility to help forge these new
cooperative relationships.
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Ecosysttm Managementin the ForestServce

Ann M. Bartusk a

Abstract

The adoption of ecosysetm management as a pollcy for

te Forest Service was announced in June 1992. The

pollcy em ph asized using an ecobgicalapproach in the

m anagement of naturaBresources, incorporating the best
avai bbb B science, forming partnerships in the accomnpBEshment
of management ob pctines, and working with stakeh oBers

1 define short and bngtrm obgctines for e hnd.
Ecosystm management recognizes t at ecobgic, sociall and
econom ic factors mustbe intgratd in order © accom p Ish
our obpctives.

Back ground

Why does it seem that ecosystem management is
the current “buzzword” that everyone is using? The
answer is obvious if we look at the issues that we,
as natural resource scientists and managers, are
contending with every day. On the one hand, we are
trying to provide wood products for homes, paper,
and other uses; to provide abundant clean water for
agriculture and human development; and to provide
abundant and diverse recreational opportunities. As
technical specialists who understand how “nature”
functions, we are aso charged with the conservation
of biological diversity, to provide free-flowing waters
for fisheries, to protect sacred places, and to

look ahead several decades to ensure ecosystem
sustainability. This is a chalenge! In 1990, the
Forest Service initiated the New Perspectives
program as a pilot effort to provide a mechanism
and an incentive to change how national forests
were managed. Many of the projects undertaken
through New Perspectives were successful in that
they enabled the managers to look at their natural
and human resources differently, and ultimately,

to think differently. The adoption of a policy on
ecosystem management is a natural outgrowth-and
evolution-of New Perspectives.

Acting Director, Ecosysem Management staff USDA Forest
Service, Washington, DC. (currenty FS Liaison t te
Nationa l Bio bgicall Sur\ey, U.S. Department of Intrior).

Definition and Guiding Princip ks

On June 4, 1992, at that time Chief of the Forest
Service, Dale Robertson, announced a commitment
to implement a policy of ecosystem management
throughout the Agency. In the letter to employees,
the policy was described thusly:

“Ecosystem management means using an
ecological approach to achieve the multiple-use
management of National Forests and

Grasslands by blending the needs of people and
environmental values in such a way that National
Forest and Grasslands represent diverse, healthy,
productive and sustainable ecosystems.”

There are severa concepts embedded in this
“definition” that are important to emphasize. First,
multiple-use is the Forest Service's legal mandate;
however, it can be accomplished using ecological
principles. Second, humans are recognized as

being an integral part of ecosystems-they help
shape and are shaped by ecosystem structure and
function. This does not mean that human needs
take pre-eminence over the other components of the
ecosystem, but the needs should be factored into
management objectives. Finally, and ultimately, the
policy says that our overarching goal is to achieve
ecosystem sustainability, which means we must
better understand how ecosystems function and
must incorporate that knowledge into our short- and
long-range planning.

From the policy statement, four Guiding Principles
have been identified to guide the implementation
of ecosystem management. These statements come
from the USDA Forest Service Mission, Vision
and Guiding Principks:

e We will use an ECOLOGICAL APPROACH to
multiple-use management.

e We will form PARTNERSHIPS to achieve shared
goals.

e We will promote grass-roots PARTICIPATION in
our decisions and activities.

e We will use the best SCIENTIFIC KNOWLEDGE
in making decisions and select the most
appropriate technologies in management of the
resources.



Integrating these four principles calls us to assess
the function and structure of ecosystems, use the
very best scientific knowledge we can, and share
that knowledge with partners in agencies and
publics in open participation.

So Whatis Diferent?

Many people say we have been doing ecosystem
management for a long time; that there is nothing
new about this concept but it is just a “new handle”
for Washington bureaucrats to make policy points.
While it is true that we have been following some
of the principles of ecosystem management, these
principles have not been consistently applied in all
actions. More importantly, the ecosystem science is
relatively new, and concepts and knowledge about
ecosystems has been gradualy unfolding over the
last few decades.

A recent report from the Society of American
Foresters (SAF 1993) included a simplfied
comparison of ecosystem management to a more
traditional approach to management that | have
slightly modified.

What this comparison describes is a shift from
focusing on a particular unit of production on

a specific piece of land to a broader view. The
broader view first identifies the overall condition
of the ecosystem at issue, and then attempts to
identify the multiple products which are available

from that larger landscape, where long-term
sustainability of the ecosystem and it's headth is a
priority. Clearly, there are some management areas
which have utilized the ecosystem management
model without necessarily describing it in those
words. The Forest Service hopes to achieve, through
the adoption of an ecosystem management policy,

a more consistent application of these ideas on all
our lands. We aso hope to provide the knowledge
and tools needed to achieve long-term ecosystem and
forest heath through the Forest Service's Research
and State and Private Forestry programs.

impEmentation

“Ecosystem management” is more then a set of
management prescriptions that can be codified in
a manua. It is shorthand for a whole array of
activities, not the least of which is a behavioral
change in how one practices land stewardship.
Many of the concepts are not new. What is new is
the way the pieces are put together. Is this just
rhetoric or is there substance to this change?

The implementation of a policy of ecosystem
management will need to address al areas of
Forest Service activities, from budget to research
programs, from the skills of our employees to our
customer service. One essential ingredient is that
CHANGE and adaptability will be a constant. As
our knowledge and ahilities increase, we will need to
quickly and readily incorporate this knowledge into
our actions. Some call this adaptive management,

Traditional Sustained-
yield Management

Sustained flow of
specific products,
constrained to mini-
mize adverse effects.

Objective

Scale Stands or aggregates

of stands.

System
character

Emphasizes production
efficiency but within

environmental constraints.

Ecosystem Management

Maintains ecological
and desired system
condition, within which
a sustained yield of
products is achieved.

Landscapes and aggregates
of landscapes/watersheds.

Retains complexity and
processes, provides frame-
work for the whole system.
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but by any name, the key is to recognize that
ecosystem management will not be accomplished
overnight and we need to be prepared to adjust with
new knowledge.

Using the Guiding Principles as a framework, here
are some ideas and examples of how ecosystem
management will be implemented within the Forest
Service.

Ecobgicall Approach

The science of ecology will be applied to
multiple-use management, recognizing that people
are part of the ecosystem we manage.

e Landscape- B\e 1 Ana¥sis. Our ability to

integrate our knowledge and planning over larger
spatial areas is essential. In the Pacific Northwest,
planning of projects considers scales well beyond
the “project” (often 2,000-3,000 acres) to consider
a large enough scale (often 50,000 or more acres),
that adequately describes the functioning of
ecosystems.

Ecological Classification System. A
hierarchical classification system has been
adopted by the Forest Service to serve as a
template for describing ecosystems at multiple
scales. The Chippewa National Forest, like
many national forests around the country, is
classifying ecosystems to identify, characterize,
and delineate units of land with similar features.
This classification system serves as the basis for
communication across boundaries, including other
Federal agencies and the States (e.g., Wisconsin).

Partnerships

Sharing responsibility for land management is
fundamental. Ecosystems cross boundaries,
making the need for cooperation, coordination,
and partnerships a necessary to achieve mutually
agreed-upon goals.

Interagency Working Groups. The formation
of ad hoc groups to bring organizations together
to share information and to develop common goals
has become the rule rather then the exception,
and is consistent with recommendations from the
National Performance Review. In the Northeast
Region of the Forest Service, 19 Federal and

State agencies have joined together to develop

coordinated strategies on various aspects of
ecosystem management, including large-scale
planning.

e BLM/FS Planning Team. At the national
level, the Bureau of Land Management and the
Forest Service have formed interagency teams
to address and formulate needed changes in
regulations and directives necessary to implement
ecosystem management in a consistent manner
across Agency boundaries.

Participation

Grass-roots public involvement, communication,
incorporation of public needs and desires into
management decisions characterize the changing
connection between the Federal government and the
people we serve.

e Local involement in setting management
goa k. Those who have a stake in the outcome
of Federa land management and those who
want to benefit by the increased understanding
of ecosystems to the management of their
own lands will be welcomed to the table. In
the Applegate Partnership (Oregon), local
residents, industry, conservation groups, and
public resource management agencies have joined
together to proactively manage the Applegate
River watershed to achieve sustainable natural
resources through the incorporation of ecosystem
management principles.

Scientific Know Bdge

Management decisions must take into consideration
the full range of information available; management
actions must be adapted as greater knowledge is
acquired from those same management actions. The
scientist-manager partnership at al levels of the
Forest Service is fundamental to accomplishing the
ecosystem management policy.

e Ecosystm Research. Ecosystem research does
not belong just to ecologists, but it does require
an interdisciplinary effort that integrates the
pieces of a system into understanding how the
whole functions, incorporating social and natural
resource scientists. The Forest Service initiated
an in-house, competitive process in FY 94 which
explicitly called for projects that examined



ecosystm structure and functions, utlzing a
tam approach, and incliding Eknd managers as
part of the tam .

e Adaptive Management. Adaptive management
may be one of e most efEctive ol
impEmenting ecosystm management especaly
as a med anism 1 incorporat improwed
know Bdge into dedsion-making sysems. Adaptiwe
management i Bistraks tat p knning, m onitoring,
and evabation (ie, assessment) are alMequallin
our management activities. It is an approach tat
requires a strong sdentific basis, and ack now Bdges
up-front tat management p hns are onk¥ as
good as our most aurrent know Bdge. The
Forest Service, abng witt oter naturall resource
m anagers, wilneed t revise our p knning
regu khtions, directinves, and otier ool into a
medch anism tatworks t bring sdenc and new
inform ation into te mainstream .

The abowe Bstis neither exhaustive nor exclisive .
At tte bcall forest station, or regionall Ine § tiere
are numerous exam p Bs of peopl incorporating
ecosystm managementinto teir daily work
activities. There is no “ecosystm management
oookbook™ tat € M all Itis up © each one of us
© identify how te prindplls and conept whid
underle ecosysetm management can be incorporatd
into each of our actions.
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Kathy Martinez) and te ower 50 detailers who
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accom p Ish our part of ecosystm management
imp EImentation.
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The Rok ofSi Mcu hure
inhe Modern ContXxt

DavMd Wm. Smit

Abstract

Silicu Bure is a bio bgical based, evolding science im pactd
by sociall poltical and economic factors of the past and
present In the future, sildicubure wilhaw t respond ©
yetunknown biotic, abiotic, and human-induced stresses.
Tom orrow 3 si lMdcu Burists mustreact © tese stresses in

a mostinnovative manner, using advanced tchnobgy t©
integrat whatis akeady known with predictions ofwhat is
notknown, and app¥ing tis know Bdge © sole comp Ex
ecosystm-E\e I forest management probEms. The goal of
si lMcu Bure and sildcu Burists in the modern contxtis to
meetsocietys needs whill ensuring heabhy and sustainabll
forests in perpetuity.

Introduction

It is indeed a privilege for me to be here today and to
have the opportunity to participate in this National
Silviculture Workshop.

One could use a number of strategies for discussing
the “future” and what constitutes “modern” ...
modern being defined by Webster as “of, pertaining
to, or characteristic of recent times or the present,”
or “of, or relating to advance style, technique, or
technology.”

The definition realy leaves things rather wide open,
doesn’t it? The primary topic of this workshop

is silviculture, and silviculture is an evolutionary,
ever-changing, and multidisciplinary entity.
Silviculture, as we know it today, has been molded
by how it evolved, and what happens in the future
will be guided, to some degree at least, by what is
happening today. The practice of silviculture in
the United States has been evolving at a relatively
constant rate. The rate of change is directly related

Author is the She Bon H. Short Jr., Profssor of Forestry,

and Associat Dean, Colge of Forestry and Wil If
Resources, Virginia Pobtchnic Institut and Stat Uni\ersity,
B kck sburg, VA

to our level of knowledge and technology, and to the
values and uses of forest resources as perceived by
landowners and managers based on the specific needs
and wants of society. In other words, the development
of slviculture methods and applications is driven

to a significant degree by the market place in an
economic context and by the values of forest resources
as perceived by society.

While the development of silviculture tends to be
more or less steady, the reaction of society tends

not to follow a gradient, but to occur as an abrupt
change from one way of thinking to a quite different
plane or level much the same as teenage fads change
rather abruptly and often without much advance
notice. It is difficult for us as professionals to address
these changes because of the complex nature and the
associated interactions that may occur whenever we
make alterations in biologic systems. Our knowledge
of cause and effect relationships, and our ability to
assess and predict the effects and impacts of forest
manipulation are certainly incomplete. It is, therefore,
imperative that we acknowledge the desire to change,
but to proceed with utmost caution when dealing
with practices that by their very nature have impacts
projecting years and even centuries into the future.

A decision to implement a particular silvicultural
technique or system at any point in time is based
on whether it is biologically sound, economically
attractive, and socially (includes politically and
legally) acceptable. If the practice or system is not
biologically sound, then the silviculturist is ethically
bound to proceed no further without disclosing
completely and clearly the implications of the action.
Chances are that the long-range economic effects of
an unsound biological decision will be a significant
loss.

Another key point that must be clearly understood
before we proceed: you cannot manage anything

until you have a clear understanding of what you are
going to manage for. In other words, what are your
objectives? Be sure these objectives originate from
the appropriate “owner.” A preconceived notion or
idea of the objective will undoubtedly create a bias
and taint the decision-making process, no matter how
well meaning it is.



As | read opening papers in the proceedings of severa
previous National Silviculture Workshops, | became
keenly aware of the text and literature cited and how
different each author tried to be. In like manner,

I will try to be different and unique in the way |
approach the topic of the role of silviculture in the
modern context.

Iimp Bcations ofthe Past

Looking back, we are just beginning to understand
the implications and effects of the forest management
as it was implemented in the 1930's. Forest fire
suppression is a good example. As a result of that
single management practice, the structure and
composition of forests across the country have been
atered. A long time will pass before a new baance
in these altered forest ecosystems will be achieved.
Looking back a what some of the early leaders in
silviculture wrote provides a great deal of insight into
how our thinking and actions have evolved. Tourney
(1928) in the preface to his first silviculture text
wrote:

“It is with a measure of hesitation that the author
sends the manuscript for this volume to the printer.
He realizes the limitations imposed on one who
attempts the exposition of forest vegetation in a
country as large and as diverse as the United States
from the standpoint of the causes which bring it
into existence. Although the intensity and duration
of the various factors of the site can be known and
measured and although the vegetation itself, to a
degree, is amenable to instrumentation, we are very
far indeed from methods of perfect interpretation of
cause and effect.”

By 1935, we were just starting to control fire, and one
of the most important forest management innovations
was just being implemented in Midwest and Lake
States: reforestation with pine. Pine plantations
were being established on worn-out farmland and on
cutover forests in Lake States and in the South, and
shelterbelts were being planted al over the Great
Plains and in many areas in the Midwest and Lake
States.

In the 1920’s, our forests were still plentiful in the
eyes of the general public, and our objective was
solitary. In most areas, we were ill mining the
existing stands of old-growth timber. It was not until
the early 1930's that the general public started to
take stock of the great potential of the country’s

depleted forest lands. The Great Depression had
settled in, and work in the Nation's forests was seen
as one way for a struggling Nation to put people back
to work and gain back economic strength. Thus,
forest management in the United States started to
evolve, and silviculture became identified as a distinct
component of management. These ideas are reflected
in the writings of the time.

“In this present transitional period, when it

has begun to dawn upon the logger that even

for his business a combination of utilization plus
production may be more profitable than destructive
utilization alone, the costs of silviculture are
receiving close scrutiny.”

“The practice of silviculture for the production
of wood crops is pointless unless these crops are
harvested and utilized.” (Hawley 1935)

The profession of forestry was taking shape.
Silviculture as a discipline within the profession

had been born and was starting to come-of-age.
Professional foresters were using their years of
experience in observing how, where, and why forests
grow to guide them in formulating silvicultural
practices that, when implemented, would result in
forest stands that would meet the needs of a thriving
forest industry, an industry that would ultimately
depend on raw material from second-growth, managed
forests. In the 1930’s, silviculture was mostly an art
with just a bit of information from the “young’
science of forestry sprinkled in. There was very little
known about American silviculture. Hawley (1935)
attributed this lack of knowledge to three causes:

“First, silviculture as yet has been practiced to a
limited extent and during a period of only a few
years in North America, whereas it requires severa
decades to build up definite silvicultural practice
even for a single species.

Second, silvicultural practice is essentially a local
consideration, varying in important details from
forest to forest. Generalizations and the intelligent
use of knowledge gained by others develop slowly
under such a condition.

Third, application of knowledge to treatment of a

forest is seriously hampered when such knowledge is
fragmentary. Silvics, which in theory affords the
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scientific basis for silviculture, is ill in its infancy
so far as furnishing definite information for use of
practitioners on numerous important problems is

concerned.”

Due to world-wide turmoil, not a lot happened in the
forestry profession during the late 1930's and early
1940's. Hawley (1946), in his revised edition, put
things in perspective when he made the following
statements:

“The chief concerns of forestry throughout the
country during the last haf century have been
propaganda to obtain support for the forestry
movement, the acquisition of public forests, the
establishment of an adequate system of forest-fire
control, and the organization of such areas as have
become available for timber growing ....

It should be evident from what has just been said
that up to the present time the forest manager,
engrossed with urgent problems of acquisition,
organization, protection, and development of timber
sales in virgin forests and in previously overcut
culled and second-growth forests, has had his
hands full without giving much attention to the
silvicultural systems (including the methods of
obtaining reproduction, of harvesting the mature
timber, and of tending the new crops) which will
ultimately be introduced.”

Hawley (1946) further stated that:

“When this country actually reaches the point
where the decadent growing stock in virgin forests
has been removed and the culled and second-growth
forests have recovered from their present depleted
condition, application will probably be made of al
the silvicultural systems described in this text.

It is likely that the methods of reproduction
producing even-aged stands will be used most often,
because of the greater simplicity of management
and consequent lesser demands on personnel,

and because concentration is more efficient than
scattered operations.”

In the 1950’s, there were individuals, both inside and
outside the forestry profession, who were looking
ahead at the expansion of forest management
objectives to include a full array of uses and values,
not just wood as a raw material for traditional
construction and paper products industries. The
1960’'s through the 1980's saw the birth and

development of the environmental movement and
society's real concern for the health and sustainability
of globa ecosystems.

Where We Are Today

Silviculture has been allied to timbering and timber
harvesting because timber production was the primary
objective for the first half of this century; however,
that in no way suggests the practice of silviculture is
limited to wood production. There is, both active and
passive, and conscious and subconscious, resistance
to the shifting of objectives to include other values
and uses of trees. As has happened in the practice

of silviculture, this change has probably been the
best and most stimulating professional event that

has ever happened to me. Over a relatively short
period of time in my career, | have had to draw on
things that | learned during my formal education,

and many things that | didn’t, in order to attempt

to solve the problems that have been posed. We are
being asked to apply the knowledge of silvics to solve
forest management problems. Because of silviculture's
reliance on silvical principles and ecological concepts,
it has become painfully apparent that our knowledge
often falls far short of the need.

| recently completed an evaluation of oak regeneration
information in the United States. There are 58
recognized native oak tree species in the United States
and Canada, one naturalized tree species, and about
10 native shrub oak species. Oak is the largest tree
genus in this country and is the most important
hardwood. In terms of the level of knowledge
available about oak regeneration, we are at a distinct
disadvantage. Of the 31 species reviewed, we have a
significant pool of knowledge for only 3 of the 31
species. We have modest regeneration information for
an additional 7 species and only limited information
on the remaining 21 species. For the 27 native oak
species that were not reviewed, there is virtually no
information available (Smith 1993). So where are

we when it comes to the knowledge of silviculture?
Silviculture is ill the art and science of establishing,
growing, and tending trees and forests to satisfy the
owner's or owners objectives. We have very large
gaps in our silvicultural knowledge; however, we
certainly have sufficient knowledge to get started with
virtually every management objective that we are
likely to be asked to achieve. In other words, let's not
let a lack of knowledge be an excuse not to manage.




For those of you who grew up in rurad America, the
forest was most likely perceived as a place to cut
firewood, hunt, gather nuts and berries, cut fence
posts, enjoy autumn colors, gather maple sap to
make sugar, or sell timber to get money for school.
For those of you who grew up as an urban dweller,
your initial concept of the forest may have been quite
different. Instead, what may have come to mind are
less product-oriented uses and values-natural beauty,
camping, hiking, observing wildlife or wildflowers,
quiet and tranquility, old-growth forests, bald eagles,
or wilderness. Whatever you used to think, chances
are your viewpoint is probably much broader today,
and perhaps includes everything just mentioned
above. This is the change that | talked about earlier.
Think about the rest of society and how their ideas
and values are changing.

In the last 50 years, the United States population
has shifted from predominantly rural to urban or
suburban. And in the past 10 years, we have seen
society’s awareness of and concern for forests change
from one of complacency to one of deep concern for
the future. In addition, people are impacting forests
of this country far differently than they did 100 years
ago when a developing Nation's economic need for
forest products dominated how forests were used.
Forest management was barely an idea then, and
forests were being exploited, not managed.

Today, we know that forests are a limited resource,
and because of their high value and many uses, they
must be carefully managed to ensure sustainability.
Biological, socia, political, and economic factors

all strongly influence forest management decisions.
The relative weight given an individua factor is
highly dependent on geographic location, social
attitudes, ownership patterns, and the structural and
biological characteristics of the forest. To formulate
management alternatives and make decisions, forest
managers must fully understand these controlling
factors. He or she must foster an atmosphere for
understanding by al of the forest users that will
allow the integration of these complex issues into
forest resource management decisions that will
ensure sustainable forest ecosystems in perpetuity.
The practice of silviculture lies at the very core of
the decision-making process, and it is through the
implementation of silvicultural practices that the
goals of forest management will be achieved.

| am particularly concerned about political
intervention in forest resource management decisions.
As professional foresters and practicing silviculturists,

we must clearly understand biologica redlity,
short-term political gain, and the political power
structure. We are working with a vital national
resource that will long outlive even the most tenacious
political incumbent. | fully accept the fact that
politics and politicians are a cornerstone of our
government and society; however, our elected officias
must be diligent in their acquisition of information
and must carry out their legidlative responsibilities in
a prudent, informed, and competent manner.

We must avoid “political silviculture,” and we
must develop and defend the concept of “biological
correctness” when formulating and evaluating forest
management decisions.

The USDA Forest Service, as a governmental agency
and an agent for the public, must devise the means of
clearly identifying the goals and objectives on national
forest land at the Federal, regional, State, watershed,
and stand levels. We need to isolate the instances of
political meddling for purely political gains. We need
to abolish the practice of political silviculture. We
need to have a process for sifting out laws and legal
language that pre-empts known biological principles
and concepts. The legal establishment was never
designed, is not in a position, nor does it have the
capability to manage the forest base of this country

. and it certainly will not be inclined to take
responsibility for the results of its actions in this
area. Responsibility and accountability will always
remain on the shoulders of the professional resource
managers.

To this end, the USDA Forest Service has embarked
on a new process-ecosystem management-to better
manage the Nation's Federally owned forests. In June
1992, F. Dae Robertson, then Chief of the USDA
Forest Service, described ecosystem management as:

“an ecological approach that will be used to achieve
the multiple-use management of the National
Forests and Grasslands. It means that we must
blend the needs of people and environmental

values in such a way that the National Forests and
Grasslands represent diverse, healthy, productive,
and sustainable ecosystems. I'm confident that with
our knowledge, expertise, and experience along with
a stronger public involvement effort, we can bring
the American people and their needs together with
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the land they own in a better way than it has ever
done before by anyone in the world. That's our
challenge under this new policy.”!

| view ecosystem management as a concept to be
integrated into the forest resource management
process. The intent is to protect the quality of the
environment, thereby ensuring sustainability while
also producing the commodities and services that
people need. It is, therefore, imperative that impacts
of any silvicultural activity be understood in time
and space. This includes direct effects within the
stand being treated, effects at the “edge’ of the
stand, the indirect effects at a distance from the stand
(i.e., the rest of the ecosystem of which the stand

is a part). The concept of ecosystem management
does not change the practice of silviculture per se.
Silvicultural practices will continue to be applied

to trees and stands just as they have in the past.

What is changing is how a particular practice will be
evaluated and assessed in terms of its impacts in

time and space on al the other components of the
ecosystem and on associated ecosystems. As we learn
more, we have the ability of understanding more,

and with modern computer technology comes the
capability for comprehending the complex nature of
ecosystem functions with much greater speed and over
a much wider area

| don't think that the underlying concept of
ecosystem management is new; however, the emphasis
being placed on it certainly is. | think that Tourney
in 1928 had things pretty much in perspective when
he wrote:

“The great advantage of the ecological concept
toward biological forest facts, useful in the
understanding of the forest and to serve as a
foundation for the practice of silviculture, lies in
the recognition of forest communities and in the
appreciation that they are not fixed units but

are in a constant stage of change. Ecology is of
fundamental importance to the forester because it
brings a true scientific attitude to the multitudinous
problems bearing upon the origin and development
of forests. The silviculturist studies the forest in
order to assemble scientific facts useful in their
economic application to the production of timber.
The most comprehensive study of environmental

‘Excerpts from F. Dale Robertson, Chief, USDA Forest
Service, letter dated June 4, 1992.

factors by the forester lead to nothing useful, unless
the forest vegetation itself is interpreted in harmony
with them.”

In 1935, Hawley aluded to the concept of ecosystem
management when he wrote:

“When the forest must be handled with the
objective of furnishing protection to other property,
silviculture not entirely in harmony with owner's
desire may have to be applied, but this is an
exceptional case.”

The concept of understanding the impacts of forest
management in time and space is an essential
component of the forest management decision and
assessment process. The concept of ecosystem
management in the context that it is presently
envisioned will certainly enhance the probability of
achieving healthy and sustainable forests.

What About Si lcu kure and the
Silicu kurist

| consider silviculture to be the pivotal discipline

in the forest management decision-making process.
Silviculture in the 1990's is going through a period
of transition, adjustment, and adaptation as we
align our thinking to applying silviculture to achieve
forest management objectives that address a much
broader spectrum of uses and values than ever before
encountered. In the future, we will be faced with
the integration and application of an unprecedented
amount of knowledge about the biotic and abiotic
attributes of forests and forest systems to aid in
solving complex environmental problems that will
be created by intense population growth and the
associated severe pressure on the finite global
resources.

A silviculturist is not a very definable entity.

He or she generdly did not start out with the

idea of being a silviculturist. Silviculturists tend

to originate from one of an aray of more basic
disciplines such as forest management, tree physiology,
genetics, tree improvement, forest soils, forest
ecology, hydrology, and so on. For a number of
reasons and with professional field experience,

they sought the position/title of silviculturist. A
silviculturist must first be an ecologist, and second be
a generdist in many aspects of forest management
including policy, economics, entomology, pathology,



biometrics, fire management, wildlife management,
fisheries management, and outdoor recreation. In
addition, skills or experiences in planning, personnel
management, arbitration, sociology, and psychology
certainly are helpful. Above all, the silviculturist
must be a communicator. If your qualifications fit the
above description, | have little doubt that you will

be a successful contributor to the forest management
team as a silviculturist.

One doesn't become a silviculturist by just taking
courses and reading the literature. We learn concepts
from the literature and learn to understand these
concepts by careful and critical observation on the
ground and over time. | never have been in two
forest stands that are alike. Without a knowledge

of basic ecological concepts and functions, it would
be very difficult to make consistent and logical
recommendations. | think a silviculturist is the result
of an evolutionary process that comes after spending
a considerable amount of time observing forests

at a multitude of locations over time, and thereby
developing a keen interest in the processes, functions,
and interactions that occur within a forested
ecosystem. The process of becoming a silviculturist
requires (1) a thorough understanding of ecological
concepts and principles across a range of ecosystems;
(2) a comprehensive knowledge of the silvical
characteristics of al tree species encountered; (3) a
mastery of the research that deals with tree and forest
responses to disturbance; (4) a history of lengthy
discussions and dialogues about silvicultural issues
and forest stand dynamics with colleagues and clients
from many places; (5) a thorough understanding of
the potential values and uses that are, or may be,
available within the forest systems in question; and
(6) a full awareness of the economic, social, and
political implications and constraints that are in force
a a particular place and time.

The silviculturist role in the forest management
decision-making process today can only increase in
importance in the future. We, as silviculturists,

are in an era of political and social change, and we
face many challenges in managing the Nation's and,
for that matter, the world's forest resources. We
must take advantage of the opportunity to make a
difference in how we foster healthy and sustainably
forested ecosystems.

Again, thank you for the opportunity to be part of
this very important conference. | would like to close
with two quotes that | think should remain indelibly
in our minds:

“Forest vegetation is composed of plant
communities or units of vegetation, developed and
arranged in accordance with definite biological laws
and is not an aggregation of trees and other plants
brought together by chance.” (Tourney 1928)

“Silviculture is an art that should base its practices
on the proven findings of many sciences. It must be
practiced consistently over a long term of years. It
should not be managed by considerations of passing
expediency or popular appeal. Let foresters keep
to their science of silvics. And let us keep research
ahead of practice, so that untested innovations

will not get ahead and get off the trail of nature's
silvicultural laws.” (Munger 1950).
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The Rol ofSi lcu Burists in
Ecosysttm Management

John R. Naum ann

Abstract

Silicu burists shoul tke au objgctive approach 1 define
teir rol in ecosysem management No disciplne, inchiding
sildicubure, can chim te Bad for ecosysem management
because itis au intgratd effort Silicu Burists can best
contribut to ecosystm management by being a tam p hyer,
and focusing on those things tatsilicuBurists do best A
rol for sildcu Burists in ecosystm managementmustbe the
one they earn.

Introduction

It is difficult for silviculturists to be objective about
their role in ecosystem management. Perhaps

the question is better asked outside the field of
silviculture, but then one has the problem of finding
someone who knows something about silviculture,
much less ecosystem management. We are probably
faced with finding an answer to this question
ourselves. If that is the case, we should try to be as
objective as we can about our own role.

The question is not a matter of being worthy.
Silviculturists are dedicated people with a
considerable history of success in managing forest
stands. They are professionals with a land ethic.
And, there are more trees now than there were at the
turn of the century. And, growth exceeds harvest. So
what is the problem? We talk to ourselves about our
role with an assumption that we have one. Maybe
starting with that assumption is a barrier to clear
thinking about the question.

Much has been written about ecosystem management,
or about our role as Federal foresters, or our past
failings, or our future challenges, or .... It is

good that we have a lot to say about ecosystem
management, but we seem to be groping for a role

in this blizzard of white papers. Confusion about

our role probably started in 1969 with the National
Environmental Policy Act. This law forced us to
involve others besides foresters in decisions about the

Assistant Director, Timber Cooperatixe Forestry and Pest
Management USDA Forest Service, Northern Region,
Missou b, MT.

forest. This change was as traumatic to foresters
then, as ecosystem management may be to some
silviculturists today. A “we-they” attitude still lingers
in corners of our organization.

One of the stated purposes of this law in 1969 was,
“Enrich the understanding of the ecological systems
and the natural resources important to the Nation.”
This sounds like ecosystem management and | think
it is time to take seriously this idea of merging
ecological systems with forest resources.

Rather than trying to find new words that describe
what ecosystem management is, | will just borrow
some aready written. In his February 2, 1993, white
paper, Karl Bergsvik said: “The point is that for the
first time the Forest Service has explicitly stated that
the sustained yield of values and uses is a function of
the headth of the ecosystem and that the latter is a
major consideration in establishing the level of values
and uses to be provided by the National Forests.”
Note the words, “for the first time.” Ecosystem
management is truly a new way to look at forestry.
Understanding this is critical in identifying how
silviculturists should relate to ecosystem management.
As silviculturists, we have aways been concerned
about the ecosystem and sustainability, but ecosystem
management is a different way to get there.

If we can accept that ecosystem management is a
new basis for silviculture, what can we say about
silviculture itself? In a paper to be published in the
Journal of Forestry this December, Kevin O’Hara,
Robert Seymour, Steven Tesch, and James Guldin
(1994) write: “We believe silviculture to be the

key discipline in integrating other resource values
into stand structure objectives. It will not be the
silviculture of the past, but rather a much broader
craft, tied to natural ecological patterns and processes
in a modern socia context. Stand level operations
will focus on what is retained rather than what is
removed, and will arrange structures on a landscape
in a manner that restores and maintains landscape

integrity.”

These are good words, but lets keep them in
perspective as we seek our role in ecosystem
management. A role implies more than what we do



in the forest; more than the trees we retain or cut to
achieve different stand structures. A role directs how
we think and how we relate to others. We should

be open to thinking about silviculture in a different
way. Otherwise, we may find ourselves believing that
silviculture is a given, and that if we just apply a
little more flexibility to our prescriptions, and a new
spin to our terminology, we will still be here in the
21st century, certifying each other, and feeling that
the rest of the world is abusing what we believe to be
silviculturally correct.

Do silviculturists have a role apart from ecosystem
management? Given my understanding of ecosystem
management, and Karl Bergsvik's vision, and Kevin
O’Hara’s view, | don't think so.

We can al think of reasons why we should have a
key role. Many of these reasons will be biological

in nature and will make perfect sense to us as
silviculturists. Think about it. What other activity
makes such an immediate and enduring impact

on the forest ecosystem as does the cutting and
planting of trees? Other activities in which we engage
often result in a piece of paper, a strategy, a policy,

a plan, or some other thing that will not have a
direct influence on the forest. Should not these very
significant silvicultural actions be prescribed and
implemented by the most knowledgeable and sensitive
people available? And yet, this critical role we see for
ourselves is not aways the role in which we are cast
by others.

How do others see us? A survey would be reveaing.
Lacking that, it might be interesting for each one

of us to use our own organization as a mirror for
how silviculturists are viewed in terms of role. Don't
give much credibility to what the organization says
about silviculture. The answer is always yes to the
question, “should we practice good silviculture?’
Rather, think about how silviculturists are used in
our organizations. Are silviculturists a member of the
leadership team, able to give insight to important
decisions? Are silviculturists given some priority

in downsizing strategies? Does our role depend

on what we think it ought to be-or does our role
depend on how we relate to others? In the interest
of maintaining an open mind about this question, |
would suggest five things to consider as we go about
defining a role.

1. Silviculture is not the solution. Before the
Monongehela, before the Bitterroot and the Bighorn

and 1973, silviculture was something we did, not
what we were. Silviculturists, if recognized at al as
specidlists, were considered people that cleaned up
after the timber sale. In 1973, we made a change.
We began a program of educating and certifying
silviculturists to prepare prescriptions that stood the
test of nature and public opinion. As a result of this
program, we made a significant step toward better
silviculture. But, we are in more trouble now as an
agency than we were 20 years ago. Sound silviculture
has not been the answer to our problems.

The silviculturist we talk about today is a relatively
new entity, at least as measured in terms of rotation
lengths. If we have developed a silvicultural practice
in the forests of North America, it is a new and
developing practice. And, in spite of initiating a lot
of good forestry on the ground, the problems of
public acceptance for cutting and growing trees,
conservation of biodiversity, and sustainability are of
foremost concern today. Ecosystem management, not
silviculture, is the best hope we have of dealing with
these concerns.

2. Silviculturists did not invent ecosystem
management. Silviculturists did not conceive of
using landscape ecology principles to guide stand
level treatments-did not take a leadership role

in promoting a hierarchical approach. The new
concepts we are now using came from ecologists
and geographers, social scientists, and wildlife
biologists. In many cases, foresters have been drug
backwards into ecosystem management, protesting
al the while that they have been doing ecosystem
management al along and did not need to change.
The message here is that there is nothing that makes
silviculture an inherent component of ecosystem
management. Ecosystem management will proceed
with us, or without us. It may not be the same
without us. It may not be as good, but regardless
of our involvement, ecosystem management will
play an increasingly important role in guiding land
management decisions.

3. Ecosystem management is a group effort. A phrase
attributed to Frank Engler says something like, nature
is not only more complex than we think-it is more
complex that we can think. Ecosystem management
is too complicated to fal within the realm of

one discipline. It is a concept whose application
requires integrated skills. Silviculture provides

only a piece of the answer. No single discipline,
including silviculture, can dominate the entire scope
of ecosystem management. Disciplines must work
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together to maintain the system rather than champion
a single resource with mitigation for others.

4. Ecosystem management will lead to less intensive
silviculture. It is a commonly held assumption that
silviculture under ecosystem management must be

a more detailed and intensive practice. But, it is
becoming increasingly apparent that most times what
we do at the stand level will turn out to be extensive
rather than intensive silviculture, regardless of how
detailed or fussy we try to make it.

Old forestry supposed that we would control functions
like insects, disease, and fire. Risk from these agents
was given little recognition in management strategies.
As we gain an appreciation for larger forest systems,
we understand that we cannot control natural agents
of change. We can only influence them or learn to live
with them.

At least in the West, there is no way we can move far
enough, fast enough, to manage the forest ecosystem
through stand level silviculture. It will do us little
good to micromanage at the stand level. For example,
on the Deerlodge National Forest in west-central
Montana, 1,017,600 of the 1,206,600 total acres are
forested. Of these forested acres, 406,800 are suitable
for timber production in the Forest Plan. But only
52,007 acres have been treated with a regeneration
harvest since 1945! At this rate, it will take another
313 years to influence just the suitable lands on this
National Forest through silvicultural treatment. The
ecosystem won’'t wait that long.

Large forested systems cannot be managed by
aggregating treatments developed from the stand
level perspective. We have learned that treatments
that produced great per acre results often created
unacceptable conditions at the landscape level. Many
hillsides of regenerated clearcuts are now seen as
adding up to a fragmented landscape.

Silviculturists as a group are preoccupied with the
stand. Forest stands have been emphasized in our
classrooms and perpetuated by our tradition of
circumscribing our management of the forest with
cutting unit boundaries. But, what is done at the
stand level must be supportive of the objective for the
larger area, and must be prescribed within the context
of the risk of natural change. What must be done in
a stand may not be the optimum for that stand. If
silviculturists do not understand this, disturbance
events and other resource disciplines will write the
prescriptions that get implemented.

5. Silviculturists need to recognize their strengths and
their weaknesses and find the wisdom to act on the
difference. We should identify what we can contribute
and focus on those things.

For example, timber should not be just a by-product
of ecosystem management. People depend on the
forest for meeting physica as well as spiritual and
social needs. Silviculture is the logical discipline to
make the flow of timber products an enduring and
predictable part of the system. The silviculturist

can specify those alternatives that achieve a level of
harvest consistent with requirements of the ecosystem.
Within the range of acceptable variability, what stand
densities and species compositions will produce the
most wood? We have some unique skills and abilities
to solve this problem.

Reforestation is another area of expertise that we
have. Bernard Fernow (1902) wrote in his textbook
on the Economics of Forestry that, “... nothing
needs to be more strongly emphasized and impressed
upon the American public, and even upon the
young professional forester, than that the main
business of the forester is expressed in the one word
‘reproduction’.” Reproduction is still important
today as we move into ecosystem management. If
we do not ensure a renewal of the forest somewhere
in the sequence of cuttings designed to sustain the
system, the system will begin to function in a manner
inconsistent with our goals. While this may seem
obvious as a principle, it is not aways clear how
regeneration of the appropriate species, free to grow,
will evolve from some of the so caled nontraditional
harvests.

In another example, silviculturists can offer an ability
to relate to the forest in real, rather than conceptual
terms. Silviculturists are among the few left who have
a feel for what can be done in the forest. That is
because silviculturists deal with real-time activities
rather than abstract plans and ideas. Up to this point
in time, we have learned from our practice, but only
because we have observed and evaluated our successes
and failures in the field. If we stop that evauation
process by taking knowledgeable silviculturists out of
the field, we will stop learning. We will not know if
the concepts of ecosystem management are finding
application in the forest. Silviculturists can be on the
front line of the monitoring process for ecosystem
management.



We could list other skills and abilities, but the point
is, silviculturists have something unique to offer
ecosystem management.

In summary, it has been said that major advances
are stared by people from outside of a discipline
because tey can see tings from a more ob pctie
point of view . Sildau Buris® are coming from behind
on ecosysem management They can tum tat
an advantage iftey ke an ob pctive approaar and
dontgethung up on ol ideas. We haw foaused oo
narrov ¥ on trees and te stand. We haw assumed
tatifwe managed each stand 1 it poential it
woull aladd up © a managed forest

Because of this myopic vision, ecosystem management
can happen without us. On the other hand, we can
have a role if we want one. We cannot, however,
clam the lead for much of what happens today

in the forest. Nor should we, because ecosystem
management does not belong to any one discipline.

Silviculturists are implementers. They have the skills
and experience to make a strategy happen on the
ground. Silviculturists have specia insight into how
to sustain products from the system, and how to
regenerate a new forest that will meet commodity as
well as ecosystem goals.

An interesting question for us now is, should
silviculture, as a discipline, have a role? That is a
hard sell in today's market. Let's not waste time
trying to tell others what we think silviculture can do
for them. We are more an organization of individuals
than people acting out job descriptions and roles.
The most significant thing that silviculture can bring
to ecosystem management are people, certified and
willing to help develop this new basis for forestry.

The role of silviculturists in ecosystem management
is one of involvement. This involvement is not
defending what forestry has been. It is not assuming
we have a role because of some inherent value we
think silviculture may have. Rather, it is taking

an objective look at forestry as it is today and
contributing those things that silviculturists do best.
Most importantly, it is understanding that the only
role silviculturists really have is the one they earn in
the group they work with on a day-to-day basis.
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App ¥ing Ecosysttm Guide Enes
on th e Och oco Nationa IForest

Donall C. W ood

Abstract

The Ochoco Nationall Forest approach 1t ecosystm
management describes a mix of wvegetation conditions across
te HBndscape. These conditions are based on historicall range
of variabi Ity and te needs of native phnt and animaBb. Itis
aBo designed t restore or emu bkt the naturalfunction of
fire, insects, and disease in the ecosysem. The forest Bnds
are chssified based on potntialp hnt association and existing
condition in trms of stand structure and successionallspecies
com position. The existing condition is detrmined using
Landsat mapping witt Graphic Information Systms (GIS).
This is compared © the desired condition. Diferences between
existing and desired \iabl ecosystm condition is the driver
for future management activities. For te sildcu Burist tis
means new obpctixes based on target stand conditions, need
for a \ariety of prescriptions, need for consistnt trmino bgy,
and a need for creative prescriptions that are based on the
basic princip Bs of si Mcu Rure.

Introduction

A viable ecosystem team was established on the
Ochoco National Forest to provide guidelines for
applying ecosystem management on the ground. The
team decided to work on forested systems first but
recognized that guidelines for riparian and nonforest
vegetation systems were also needed. This paper will
describe the classification process and discuss new
challenges to the silviculturist. This viable ecosystem
approach is dill in draft form, so it has not been
officially adopted but it has had widespread review
and the concepts are being applied on the districts.
Copies of the document are available from the Ochoco
National Forest.!

Forest Silicu Burist (retired), USDA Forest Service, Och oco
Nationa l Forest, Pacific Norttwest Region, Prineni B, OR.

1 The “MiabB® Ecosystm Management Guide, Och oco
NationaB Forest’ is current¥y in draft form. The finalis
expecttd in the spring of 1994. Authors are Andy Eglts,
Susan Joh nson, Deb Roy, Mike Simpson, Don Wood, and
Dawe Zalunardo. AMare empbyees of the Och oco National
Forest except Andy Eglitis who is a Central Oregon Area
empbyee. Copies of the draft or finall when awaibb B, can
be obtained from the Ochoco Nationall Forest The mailng
address is P.O. Box 490, Prinenfll, OR 07754. TabB#s and
figures are taken from tis draft Not: This document is
about 200 pages in Ength.

The Ochoco National Forest is located near the center
of the state of Oregon. The major tree species is
Ponderosa pine (Pinus ponderosa, Laws.). Other tree
species are grand fir (Abis grandis Dougl.), Douglas-fir
(Pseudotsugo menziesii Mirb.), lodgepole pine (Pinus
contorta Dougl.), western larch (Lariz occidentialls
Nutt.), Englemann spruce (Picea enge hannii Parry
ex Engelm.), and western juniper (Juniperous
occidentalls Hook). The climate is characterized by
hot dry summers and cool moist winters. Lightning
fires played a maor role in shaping the forest in the
past. These fires kept the open parklike conditions
that the Ochoco Mountains are noted for.

Landscape Chssification

The landscape level that was selected for use in
this application was the subwatersheds with a
recommended size of 10,000 to 30,000 acres. These
boundaries are located in the Forest Geographic
Information System (GIS). Lands are also classified
based on plant association potential, dominate tree
species, and the size of the dominate canopy layer.

P ERnt Associations

Six major plant association groups (PAG) were
identified for the Ochoco National Forest. These are
grouped based on climax species and successional
trends. These groups and the major tree species
found in each are shown in figure 1. The plant
associations are based on potential vegetation
condition as described by Johnson and Claustinzer
(1992). These are in the process of being mapped for
the forest and will be entered into GIS.

Structure (Size) Chss

There are five structure classes as shown in table 1.
These were designed to describe the range of forest
structure and to be compatible with the current
inventory. Age was not used as it cannot be obtained
from the inventory mapping, and size is better related
to the stands function in the ecosystem than is age.
This does not map “old-growth” but most stands in
the medium to large class meet the current old-growth
descriptions.



-------- Climax status

xXxxxxxxx Seral status ----ABLA2--
xx PICO XX
------ PIEN----
XXXX LAOC XXX
—————— ABGR ---____
------- PSME - -——== === XXXXXXXXX
------ PIPO --------XXXXXXXXXXXXXXXXX
------- JUOC - == =XXXXXXX
JuocC Low site PSME and Dry Moist | ABLA
| PIPO better PIPO ABCR | ABGR
Species codes: ABLA2 = Abies lasiocarpa,
PICO = Pinus contorta,
PIEN = Picea enge hannii,
LAOC = Larix occidentialis ,
ABGR = Abies grandis,
PSME = Pseudotsuga mentssii,
PIPO = Pinus ponderosa, and
JuoC = Quniperous occidentals.
Figure I-Tree species distribution by Plant Association Group.
Table |-Structure (size) classes definitions
Size class Definition
Grass, forb, shrub trees not the dominant vegetation
Seedling and saplings <4.9" d.b.h.
Pole 5.0 - 8.9” d.b.h.
Small 9.0" - 20.9" d.b.h.
Medium and Large 21.0" + d.b.h.
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Successional Condition

Three successional conditions are described for each
PAG. These are early, mid, and late climax. A
description is provided for each PAG that includes
both tree and understory vegetation as well as the
role of fire, successiona trends, and wildlife species
associated with a specific PAG. An example of a
brief description for the Moist Grand Fir PAG would
be:

Early-75 percent or more of the major canopy
layer would be ponderosa pine, lodgepole pine, or
western larch.

Mid-25 to 74 percent in ponderosa pine, lodgepole
pine, or western larch.

Late-less than 25 percent in ponderosa pine,
lodgepole pine, or western larch.

The successional condition and structure class can be
used to describe the variety of conditions found in
each PAG. This is displayed in table 2. This has 15
potential conditions but the grass, forb, shrub stage
was defined to apply only to the early successional
stage. There are some other conditions that are not

applicable to some PAG’s. By using the structure and
successional definitions, each acre in a watershed can
be classified into one of these conditions. Maps or
tables showing acres or locations of these conditions
can be produced for any watershed using the
vegetation map layers and the plant association layer
in GIS.

Guide EInes

Guidelines for management are of two types. the
first is PAG specific guidelines to be applied where
those plant associations occur; the second included
general guidelines that apply to al forest lands. The
guidelines are based on the range of historic condition
(pre-European), but in some cases this range was
modified to promote native plants or animals. An
example of specific guidelines for the Moist Grand Fir
PAG are shown in table 3. These guidelines provide
the land manager with a target and desired range

of conditions for this PAG. The application of this
will be discussed in the next section. The genera
guidelines provide direction for managing on the
larger scale, i.e, considerations of interactions with

Table 2-Viable ecosystem structure/size and successional matrix

with abbreviations

Structure class

Successional _condition

Early Mid Late
Grass, forb, shrub E12 N/A N/A
Seed/sapling E2 M2 L2
Pole E3 M3 L3
Small E4 M4 L4
Medium/Large E5 M5 L5P

@ The grass, forb, shrub class only applies to the early

successional  stage.

b This may be referred to by some as very late climax or potential

natural community (PNC).



Table 3-Desired distribution by successional condition and structure. Table shows
target percentage in bo M and desired range in parenthesis () for each condition

Structure Successional _condition

class Early Mid Late Total
Grass, forb 7 N/A N/A 7
and shrub (5-12)

Seed/sapling 5 0 13
(<5.0") (5-k) (3-10) (0-2)

Pole 10 10 3 23
(5.0"-8.9") (5-15) (5-20) (1-5)

Small 25 5 37
(9.0"-20.9") (2-k) (15-40) (4-8)

Medium/Large 3 12 5 20
Total 35 52 13 100

other watersheds or ownerships. They also identify
unique situations such as rock cliffs or aspen stands
that need specia consideration not provided in the
PAG specific guides.

Note: the Viable Ecosystem Guide includes a detailed
discussion for each PAG of the role of fire and
succession, understory vegetation, wildlife species,
historic condition, and insect and disease role.

App Ication

There are seven steps identified in the application
process. These are analysis, evaluation, field analyss,
project design, NEPA documentation, project
implementation, and monitoring. These are different
from the traditional project implementation but in
many ways it provides clearer direction and allows
efforts to be concentrated where they are most
needed.

The analysis process consists of comparing the
existing condition to the target and desired range of
conditions and calculating the differences. This can
be done with the GIS data for a given watershed
and a computer spreadsheet. An example of this is
shown in table 4. Ideally each of the existing and
target acres would be within a few acres for every
size/structure class for al PAG’s, but in most cases
there are some big differences. The first step is to
focus on those classes where the existing condition
is below the low range or above the high range of
the desired condition. In this case, the E2 through
E5 and M2 and M3 are below the low range and

the M4, M5, and L5 are above the high range. The
silviculturist becomes involved here in helping decide
what treatments or combinations of treatments could
be used to change the vegetation patterns toward the
desired condition. In this case, it is often possible to
move a stand from the M4 or M5 condition to an
E4 or E5 condition with an improvement cut that
removes the climax species and leaves the more seral
component. There are usually very few options,
except no treatment or regeneration cutting, for
stands in the L5 condition. In this case, there is an
abundance of the El class so it may be best to wait a
few years before regenerating any of the L5 stands.
Stands in size class 2 or 3 (saplings or poles) usually
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need to be grown from El but may need thinning to prescriptions that can be applied to change individual
control species composition and maintain desired stands so the watershed is moved toward the desired
growth rates. This is typica of many applications in mix of conditions. The key part of this process is
that it often will take several decades to return a that the objective is to create a specified mix of
watershed to the desired range of conditions. stand conditions, and that products such as timber,

edible wildlife, etc., are by-products of ecosystem
The next step for the silviculturist is to verify these management not the objective.

assumptions in the field and identify stands and

Table 4-Viable ecosystem subwatershed comparison

Subwatershed: Bridge Cr. Total acres: 12,904 Date: 4-9-93
Acres by plant association group:
ABLA 0 Moist ABGR 7098
Dry ABGR 3650 PSME/PIPO 925
Low PIPO 0 JuocC 0

Non Forest 1231

Existing acres compared to desired and acceptable range:

PAG S/S  Existing Desired Difference from:
class  Condition  Target Low High Target Low High

Moist El 572 497 355 852 75 0 0

ABGR E2 52 568 355 852 -516 -303 0
E3 314 710 355 1065 -396 -41 0
E4 49 497 142 710 -448 -93 0
ES 0 213 142 355 -213 -142 0
M2 0 355 213 710 -355 -213 0
M3 214 710 355 1420 -496 -141 0
M4 2881 1775 1065 2129 1107 0 752
M5 1580 852 710 1420 728 0 160
L2 0 0 0 142 0 0 0
L3 0 213 71 355 -213 -71 0
L4 145 355 284 568 -210 -139 0
L5 1291 355 284 568 936 0 723

Note: In actual application of viable ecosystem, this table would be provided for all plant
association groups (PAG), but for illustration purposes in this paper only the Moist ABGR
PAG is shown.



Silicu lure App Ication

This change in management strategy provides some
new challenges to the silviculturist. Four areas that
need to be emphasized in the application of viable
ecosystem concepts are discussed in the following
sections.

1. Silviculturists must recognize new objectives
based on target stand conditions. This may require
creating conditions that will grow into late climax
old-growth or maintaining parklike ponderosa

pine or western larch stands. It will also require
regeneration prescriptions that will provide the variety
of species mixes needed for the future. Uneven-aged
management may be used but it may require “Q’
factors of less than or near “1” (Hall 1993) or stands
may be started as even-aged stands then converted
over time to an uneven or multistoried condition.

2. A variety of prescriptions will be needed to meet
the viable ecosystem objectives. In the past, we have
been guilty of developing a prescription that works
and is accepted by our key publics at that time and
applying it across the landscape. Some examples
during my career are clearcutting, shelterwood, and
now uneven-aged management. Some other mind
sets have been region or forest wide spacing guides
for planting or thinning. Prescriptions must vary
based on existing conditions and the viable ecosystem
objective.

3. We need to maintain consistent terminology if

we are going to have clear communication between
ourselves and the public. We need to use existing
terms and definitions as much as possible and add
new terms only after regional or national review. We
will need to decide on a local basis as to what is
adequate stocking for a given site. This is important
in distinguishing between regeneration cutting and
intermediate cuts.

4. We need creativity but prescriptions must be based
on sound silvicultural principles. Even though the
management objectives have changed, the silvics of
the species has not. So we need to learn and apply
things like site stockability, species tolerance to shade,
insect and disease susceptibility and risk, etc., in al of
our prescriptions. If we cannot achieve an objective,
it is better to do nothing than to write prescriptions
that have a high probability of failure.
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Joh nson, CharBks Grier, Jr.; Chusnitzer, Rodrick
R. 1992. PEBnt Associations of the BlLe and Och oco

Mountains. U.S. Department of AgricuBure, Forest Servce,

Pacific Norttwest Region. (R6-ERW-TP-036-92).

Hal Frederick C. 1993. Stocking considerations in
unexen-aged management In: Unewen-aged met ods
for ecosystm management forestheahh, fire, wili I
workshop; 1993 June 22-24; Sistrs, OR. Corvallis, OR:
Oregon Stat Uni\ersity, Collge of Forestry: 22 p. illust.

33



34

Assessing Ecosysttm Healh
inthe BLe Mountains

Damd Caraher and Walker H. Knapp

Abstract

An assessmentof the Blie Mountains in northeast Oregon
and southeast Washington used a framework, Sustaining
Ecobgical Sysems, th at resu led in a shift from forest
healh ®© ecosysem heabh. The resukwas an intgratd
approach thatis being used t© direct management
activities.

Introduction

Last year, when the Forest Service and Bureau of
Land Management announced they were shifting
to ecosystem management, people had mixed
reactions. They applauded the shift, but wondered
what ecosystem management meant, and what
form it might take in managing public lands.

Their questions have been hard to answer.
Ecosystems have invisible and moving boundaries
that encompass countless organisms interacting
with, and depending on, each other and their
environment. Many ecological concepts are well
established, but they are used mostly to manage
parts of ecosystems (timber, wildlife, fish, and so
on); those concepts are only now being assembled
into a framework that can be used to manage
entire ecosystems. Before the Federal agencies,
or anyone else for that matter, can undertake
ecosystem management, they will need to have
that framework-an assemblage of ecological
concepts that they can apply to entire ecosystems
on a variety of landscapes, and at a variety of
scales.

In a significant coincidence of timing, just as the
movement toward ecosystem management was
getting underway, the Pecific Northwest Region of
the Forest Service began an assessment of forest
hedth in the Blue Mountains of eastern Oregon.
Early in the process, the panel conducting the
assessment changed its focus from forest health
to ecosystem hedlth. The results of their work,
“Restoring Ecosystems in the Blue Mountains,”

Watrshed Speciallst USDA Forest Service, Pacific
Norttwest Region; and Sildicu Burist A.G. Crook
Com pany, Beawerton, OR.

exhibits a practical framework of ecological
concepts and provides a tangible example of
ecosystem management.

The Bhlie Mountains

The Blue Mountains cover the northeast quarter
of Oregon and southeast tip of Washington.
They encompass a number of mountain ranges,
give rise to rivers and streams, provide habitat
for fish and wildlife, and exhibit a variety of
vegetation types. Of the 19 million acres in the
Blue Mountains, about a third, 6.2 million acres,
are administered by four National Forests;, the
Umatilla, Wallowa-Whitman, Malheur, and part of
the Ochoco. In addition, the Blue Mountains are
home to more than 200,000 people, their cities,
towns, communities, lumber mills, ranches, and
farms.

Sym ptoms

About 10 years ago, the forests in the Blue
Mountains began showing signs of poor health;
frequent and widespread insect damage;
accumulating forest fuels; large, catastrophic

fires;, and eroding stream channels (USDA Forest
Service 1992a). By 1990, 3 million acres on the
National Forests had been affected, and the people
who live and work in the Blue Mountains were
becoming alarmed.

Scientists and resource managers have pieced
together an explanation of declining forest

health. Before European settlers arrived, the Blue
Mountains were dominated by open, parklike
stands of ponderosa pine and larch, with an
understory of grass. Mixed conifer stands of
Douglasfir and grand fir were generaly confined
to moister sites.

Fire was an important part of these ecosystems.
In areas dominated by ponderosa pine, frequent,
low-intensity fires kept out the shade-tolerant
firs and reduced fuel accumulations. In areas
where Douglasfir and true firs dominated the



landscape, fires burned less often, but with
greater intensity. Yet, everywhere in the Blues,
fire performed important ecosystem functions
that affected species composition, and stand and
landscape structure. Forest insects were active in
these ecosystems, but rarely reached epidemic
proportions.

When the European settlers and land managers
arrived, they controlled fires to protect the timber,
harvested the pine and larch for lumber, and
encouraged regeneration of fir. The fir began to
form dense stands of weak trees, unable to resist
insects and drought. And without fire to naturally
thin the pine, they too formed dense, weak stands,
vulnerable to insects and diseases. After 70 years,
the face of the Blue Mountains had changed, and
the Forests began showing signs of severe stress.

The Search for Answers

In April 1992, John Lowe, then Deputy Regional
Forester of the Pacific Northwest Region of the
Forest Service, convened a panel of nine Forest
Service resource speciaists to conduct a single,
comprehensive assessment of forest heath in the
Blue Mountains. He asked the panel to establish
both long-term objectives and immediate priorities
for restoration. The priorities were to identify (1)
those land areas where restoration work can and
should be started immediately, (2) those where
more discussion and analysis was needed before
restoration work could begin, and (3) those where
restoration work would not be undertaken during
the next few years.

It might seem that if the symptoms were so
obvious, that the objectives and priorities for
restoration should also have been obvious. But
with so much land affected by so many symptoms,
many objectives and priorities were possible.
Some interest groups urged for immediate salvage
of the dead and dying timber (to help reduce

the fire hazard and provide needed employment
in loca communities). Others argued that
salvaging timber had nothing to do with forest
health, and would instead make things worse by
disturbing even more ground and building more
roads. Some urged more use of prescribed fire to
reduce fuels and thin the dense stands of weak
trees, but others warned that prescribed fires
would destroy air quality and should not be used.

And, of course, some called for a cessation of all
management activity, saying it would be better to
just leave the Blue Mountains alone and let them
heal themselves. The debates tugged resource
managers in different directions, and threatened
to create an impasse that would immobilize the
Forest Service and prevent it from getting on
with essential restoration work. The purpose of
the assessment was to sort through this debate
enough to get started on the most urgently needed
restoration work. There was another significant
aspect to the panedl’s assignment; it had just 6
weeks to complete the assessment, making it clear
that answers were needed urgently, and that there
would not be time for a lot of detail.

From Symptoms t Sysems

The panel began by considering a conventional
approach; plotting the insect infestations, stands
of dead and dying timber, accumulations of forest
fuels, recent catastrophic fires, and stands of
dense, weak timber, on a single map. This, at
least, would provide a current, comprehensive view
of the entire problem, its components and their
extent and trends. But several panel members
pointed out that this approach would be no more
than an assessment of symptoms, a superficial
view that could lead only to superficia solutions
of limited benefit for the long term. They argued
that to get at lasting solutions we would have to
go beyond symptoms and address larger and more
fundamental questions about the conditions of
Blue Mountains ecosystems.

An Ecosystm Approach

This point of view sent the panel into a new
direction, and led them to an approach recently
developed in the Northern Region of the Forest
Service. This approach, called Sustaining
Ecological Systems (USDA Forest Service 1992b),
assembled several fundamental ecosystem concepts
and principles into a practical framework for
management: (1) ecosystems occur at a variety

of geographic scales, from global and continental
down to regiona, river basin, and finaly to site
(2) ecosystems are collections of natural elements
and processes, fire, rain, streams, plants and
animals, and so on; (3) natural processes and
elements occur within ranges of natural variability;
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18 to 40 inches of precipitation annualy, 80 to
140 trees per acre, and so on. Within a given
ecosystem, an understanding of these ranges of
natural variability can help explain how the
elements and processes interact with, and depend
on, each other; and (4) when an element or
process is pushed outside its range of natura
variability, that ecosystem cannot long sustain
itself naturally.

A useful approach for showing the
interrelationships between these concepts and
principles is to graphically show the range of
natural variability of key ecosystem elements along
with their current condition (fig. 1).

HE Range of natural variability

% Current conditions

0 50 100%

Range of Conditions

Figure ISamphl disphy: the range of natwral \ariabi Ity
and current conditions for stream ch anne Istabi Ity
(adaptd from USDA Forest Service 1992b).

Assessing Ecosysem Health

Given these ideas, the panel launched into the
uncharted territory of an assessment of ecosystem
health in the Blue Mountains.

Scale

The panel recognized the Blue Mountains as a
distinct physiographic region containing three
physiographic zones. (1) the marine zone to
the north, with cool, moist climate and wide
variations in topography; (2) the mixed zone,
influenced by both the cool, wet climate of the
north, and the dry, warm climate of the south;
and (3) the continental zone in the southern
portion, with cold winters, warm summers, and
relatively low rainfal.

Elements and Processes

To identify elements and processes that could
serve as indicators of ecosystem health-the pulse,
respiration rate, and blood pressure of the Blue
Mountains ecosystems-the panel considered many
possibilities, then settled on nine. For each one of
those nine elements, the panel established a unit
of measure so that the range of natura variability
and current conditions could be expressed on the
standard scale as a percent of conditions (USDA
Forest Service 1992c):

Early seral: the percent of the climax fir forest
that consists of forest openings and stands of
young trees with small diameters (less than 2
inches) and has an open canopy.

Late seral parklike: the percent of the climax fir
forest that consists mostly of ponderosa pine or
western larch, has been maintained by frequent
underburns, and has less than 20 percent cover of
understory trees.

Late seral tolerant multistory: the percent of the
climax fir forest that consists of stands with two
or more canopy layers of Douglas-fir and true fir
and which have less than 20 percent overstory
cover of ponderosa pine or western larch.

Ponderosa pine, high density, low vigor: the
percent of the ponderosa pine stands, climax as
well as seral, that are dominated by trees larger
than 6 inches diameter at breast height and are
susceptible to attack by bark beetles.

Lodgepole pine, high density, low vigor: the
percent of the lodgepole pine stands, climax as
well as sera, that are dominated by trees larger
than 6 inches diameter at breast height and which
are susceptible to attack by bark beetles.

Available fuels. the percent of the total biomass
above the ground that consists of standing dead
and down trees.

Juniper grasslands. the percent of the grasslands
and shrublands that have been colonized by
juniper.

Riparian shrub cover: the percent of stream
length that has deciduous shrub cover.



Streambank stability: the percent of stream length
that has stable banks.

The panel realized that there are additional
elements that could serve as indicators of
ecosystem health, but selected these nine just for
the purposes of this assessment because they are
diagnostic.

Estimating Variabillty

In the best of worlds, the panel would have had
data from the Blue Mountains on which to

base the range of natural variability for each
element. Lacking such data, the panel relied on
the professiona judgment of its members to
estimate those ranges, and it did so for each
element in each of the three physiographic zones
(fig. 2). The panel considered these estimates to
be first approximations of those ranges of natural
variability, adequate for this assessment, but
deserving to be revised and refined in the future
with practical experience and help from scientists.

Current Condition

To estimate the current conditions for those 9
elements, the panel stepped to the next finer
geographic scale and identified 19 river basins
within the 3 zones. Again, data for current
conditions that would align with the nine elements
and their units of measure were not readily
available. The panel worked with resource
managers from the national forests of the Blue
Mountains, to review the ranges of variability for
each element, then estimate current conditions,
element by element, river basin by river basin
where they worked. The panel summarized the
current conditions with their ranges of natural
variability for each of the 19 river basins on a
single chart (fig. 3).
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Stands dominated by pines Al forests  Non-forest

Streams

Lale Seral
Physiographic Early Lake Seral Tolerant
Zone Seral Park-ike Multistory

0 50 100%

Marire HRH e Hipe bR
Mixed [t B (e

Continental

Range of conditions I'HH‘PHH .

Range of natural variability [:]

Ponderosa Lodgepole
Pine Pine

high density,
low vigor

high density,
fow vigor

oot [oied [t sfrsd o o i
foeosd (st @it Bt o
feosersd Beteesd - fpter] Heteed B e

Available
Fusls

Juniper - Shub Bank
Grassland Cover Stabilky

Figure 2-Ranges of naturalvariabilty for se Bctd e Bment in the Ble Mountains (USDA Forest Service 1992c).
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Figure 3—Current conditions and ranges of naturalvariabiHy for nine eBment in te river basins of the Blie
Mountains (USDA Forest Service 199 2c).




Healh Assessment

The summary chart (fig. 4) provides a synoptic
view of ecosystem health, not only across the Blue
Mountains, but within each of the 19 river basins
as well. The comparisons of current conditions
with their ranges of natural variability suggest
that ecosystems in many of the river basins are
suffering from \significant health problems:

Within the Douglas-fir-true fir climax forests,
the area dominated by ponderosa pine or

western larch is below the ranges of natural
variability-the historical norms that existed prior
to fire suppression and logging-in al 19 river
basins.

The percent of ponderosa pine stands in high
density-low vigor condition is higher than normal
ranges for almost al river basins, and tend to be
much higher than normal in the drier, warmer
continental zone.

Available fuels are higher than natural ranges in
amost al river basins, and much higher than the
natural ranges in the mixed and continental zones.

Streambank stability is below natural ranges in
amost all river basins, and far below natura
ranges in the mixed and continental zones.

In many of the river basins, especialy in the
mixed and continental zones, several elements
are far outside their natural ranges, so that
problems with stand structure, for example, are
compounded by problems with fuel loading and
stream stability as well.

Ob pctines and Priorities

The final assignment to the panel was to use the
assessment to develop objectives and priorities for
restoration. This involved the human side of the
ecosystem equation, the priorities that people
place on those resource values that are at risk.

The panel interviewed more than 30
representatives of agencies, organizations, and
groups who have an interest in the heath of the
Blue Mountains. These representatives appeared
eager to shift their focus from symptoms to
ecosystems. Their concerns generaly fell into four
categories:

Fuel reduction and fire management

e Water quality, including municipal supplies

Fisheries and riparian areas

Timber management, including salvage and
restoration

The panel used these categories in conjunction
with the results of the technical portion of the
assessment to establish objectives for restoration.

FinallReport

The panel summarized its findings in a report to
the Regional Forester and Forest Supervisors of
the Blue Mountains. The report includes a map
showing river basins. (1) far outside ranges of
natural variability, (2) outside ranges of natural
variability, and (3) near or within ranges of
natural variability (fig. 4). The report identifies
seven long-term objectives for restoration: (1)
Reduce the risk of catastrophic fire; (2) bring all
surface waters to conditions which meet State
water quality standards; (3) provide high quality
riparian vegetation; (4) emphasize restoration
and enhancement of fish habitat, especialy for
threatened and endangered species; (5) develop
conditions which reduced the risk of epidemic
insect outbreaks; (6) provide big game cover
within the framework of restoration activities; and
(7) identify and address community needs when
designing ecosystem restoration.

Framework for Ecosys®&m
Management

The Blue Mountains assessment provided a useful
tool for resource managers to plan and carry out
management activities in an ecosystem context,
but what may be more important, it demonstrated
a practical framework for assessing and managing
ecosystems. This framework, “Sustaining
Ecological Systems,” is a unique arrangement

of at least some of the concepts - geographic

scale, ecosystem elements and processes, range of
natural variability, and sustainability - that will be
essential for managing ecosystems.

The application of the framework in this instance
had its necessary weaknesses; results were

39



40

BLUE MOUNTAIN ECOSYSTEM RESTORATION
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Figure 4-Map of tie Blie Mountain ecosystem restoration.



needed urgentd to organize triage for ailing
ecosystms, so tat ranges of naturall \ariabi Ity
and current conditions had 1 be estimatd.
Future assessments, especall t ose designed t
manage ecosystms ratier tan restore tem,
shoull estab Bsh ranges of naturall \ariabi ly

t rough historical records, researcdh and data from
fie B innentories, and current conditions shoull be
measured rater tan estmatd.

Response

Peopll who hebed with the assessmentor
revdewed te resulk haw been entiusiastic about
tis approad t ecosystm management They
haw not been criicall as tie pane Bexpected tem
t be, of the re lane on estimats. H owe\er, Wwo
phibsophicaland sdentific questions haw yet
be resoled: Hrst how is tie €®rm “natural’
defined, and what time period is appropriat t©
use as a reference? Second, te framew ork imp Ees
tatte goalfor ecosysem managementis
return current conditions o te range of natural
variabi Iy . They pointoutttatwe wilne\er be
abl O return ecosystms t pre-1900 conditions,
and © tty woull he Ol¥.

In e Blhe Mountains assessment te pane Bused
pre-European settIment as a refrence point for
naturall conditons, not as a goall but as a way
t understand how managementsine tien has
affeced te ecosystms. These point desere
debat, but ifwe are © manage ecosysems, we
must begin somewhere. The framew ork behind
“Sustaining Ecobgicall Systms,” and te Blie
Mountains assessment offr a kndmark, tangibll
eMdence tatitmay, in fact be possibl

m anage ecosysEms.

Epi bgue

Witin a week afer reccinMng tis assessment
Dbhn Lowe, by ten Regionall Forestr, detailld
250 em p byees from wes®rn Oregon to tie Ble
Mountains o he b identfy potntal restoration
propcts as quick ¥ as possibB. Their w ork
cuhinatd in a stratgy tatrequires a wide
range of activities, incliding prescribed fire,
biom ass rem ovall reforestation, road chbsures
and ob Feration, stream improvement and e\en
naturall reconery (USDA Forest Service 1993). The
ullimak funding and im p Imentation of tese
propcts shoull estab Ish new Hhndmarks for
ecosysetm management
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Managing Young Doug bs-Fir Stands t
Foster he Dexe bpmentofDiverse Stand Structure
and Species Com position

Thomas C. Turpin and Danie IB. Karnes

Abstract

Innovatize si licu Bure tchniques need t be dew bped ©
manage for currentand future habitat requirement of the
nortiern spotied ow Band other HRt-successionallp hnt and
anim allspecies. This conclision, from a series of high-kwel
task force report, is chalnging silicu Burists and other
resource speciallsts © poolteir know Bdge to treat stands
80 years ol or Bss. Presentld, the Siushw Nationall Forest
has approximat ¥ 80,000 hectares (200,000 acres) of young
managed stands witin it Forest boundaries. Near¥ all

of these stands are Bss than 40 years of age. The Siushw
NationaBForesthas formed a parthership with researchers
from the Pacific Norttwest Research Station, Oregon Stat
Uninersitys Department of Forest Science, and the Coastal
Oregon Productivity Enhancement Program (COPE)  ®st
new tchniques for forest management This paper describes a
new approach t tstte efficacy of conmercialtinning and
underp Bnting ©© acce Brat the deve bpment of comp kx stand
structure.

Introduction

Harvest activities over the past few decades in the
Oregon Coast Range have resulted in thousands

of acres of young, densely stocked Douglas-fir
(Pseudotsuga menziesii (Mirb.) Franco) stands

across the landscape. These stands often have much
less vertical and horizontal complexity than the
natural stands that they replaced. The title of our
presentation is “Managing young Douglas-fir stands to
foster the development of diverse stand structure and
species composition.” We would like to share with
you an approach that the Siuslaw National Forest is
using that integrates the latest science and technology
to help answer management questions surrounding the
complex issue of diversity.

Forest Silicu lurist USDA Forest Service, Pacific Nortiwest
Region, Siushw Nationall Forest Conwalls, OR; and District
Sildcu lurist USDA Forest Service, Pacific Norttwest Region,
SiusBw National Forest Mapleton Ranger District Map kton,
OR, respectine ¥.

Location and Setting

The Siuslaw National Forest is located in the central
portion of the Oregon Coast Range. The general crest
of the Coast Range is 450 meters (1,500 feet) above
sea level; some peaks are higher, with a few over 600
meters (2,000 feet). The topography consists of a
complex ridge system characterized by short, steep
slopes. The Coast Range is mostly sedimentary rock
with some volcanic flows. The soils are well drained
and range from loams to clay loams with generally
high nutrient levels.

The central Oregon Range has a maritime climate.
Average annual precipitation varies from 200
centimeters (80 in) at the coast to 300 centimeters
(120 in) at higher elevations. Although some snow
fals, it is usualy limited to elevations greater

than 600 meters (2,000 feet). The combination of
fertile soils, low elevation, and mild, wet coastal
climate makes the Siuslaw one of the Nation’s most
productive national forests.

The Forest provides habitat for more than 330 species
of wildlife, which includes 17 threatened, endangered,
and sensitive species. The northern spotted owl

and marbled murrelet are famous members of the
“sensitive” list and are used as examples to show how
current forest management practices are failing.

The Siuslaw National Forest offers a wide diversity
of recreational experiences, with the Oregon Coast
attracting local, national, and international visitors.
In addition, the Siuslaw National Forest provides
something for everyone including three wilderness
areas, the Cascade Head Scenic Research Area, and
the Oregon Dunes National Recreation Area.

Five of the seven most important fish-producing river
systems in coastal Oregon flow from the Siuslaw.
The 1900 kilometers (1,200 miles) of stream are key
spawning and rearing habitat for three anadromous
fish species (salmon, steelhead trout, and sea-run
cutthroat). The Forest is one of the few places in the
contiguous United States where national forest land
fronts the sea



Natural disturbances and successional paths in the
centra Oregon Coast Range differ from those of the
nearby Cascade Mountain Range. The current pattern
of natural vegetation is the result of several major fire
events since the 1840's. For example, the Florence fire
of 1849 covered 200,000 hectares (500,000 acres). Due
to the fire history in the Coast Range, few stands
exceed 120 years of age. Except for isolated patches,
old-growth stands are rare, yet solitary or clumped
remnant trees are scattered across the landscape.

Manage ment Situation

As mentioned, the Coast Range contains some of the
most productive lands for conifer production in the
world. The average Douglas-fir site index (100-year
base) is 160. This site index is generally uniform
throughout the Forest. The Siuslaw National Forest
falls within the Tsuga heterophylla (Raf.) Sarg.
(western hemlock) Vegetation Zone as described by
Franklin and Dyrness (1973). The dominant tree
species is Douglas-fir, with major populations of Sitka
spruce (Picea silchensis (Bong.) Carr.), western
hemlock, and western redcedar (Thuje plcata Donn
ex D. Don). The principal hardwood species is red
ader (Alnusrubra Bong.), with some component of
bigleaf maple (Acer macrophyllum Pursh.).

Until recently, the silvicultura objective was to
prioritize treatment of mature stands mostly through
the use of clearcutting. Harvest was followed by
aggressively establishing new plantations of 600

to 750 uniformly spaced stems (conifer and/or
conifer/hardwoods) per hectare (250 to 300 per acre)
at a stand age of 10 years. With proper animal
protection, vegetation management, and allowance for
seedling mortality, we were able to meet that stocking
objective very successfully.

Changing Times

Silvicultural objectives are now changing to meet
the spirit of ecosystem management. Short rotation
forestry that focuses on intensive silvicultural
treatments is now viewed from social, political, and
biological contexts as failing to achieve a broad
array of objectives. In addition, the Forest Service
Chief has directed that the use of clearcutting be
minimized. Forest management has become so
controversial, resulting in numerous appeals and
lawsuits, that gridlock has occurred. This situation

prompted the President of the United States to
intervene. He commissioned a team to look at an
ecosystem management approach in Federal forests
comprising the range of the northern spotted owl
in Northern California, Oregon, and Washington.
It is anticipated that silvicultural treatments will
focus on existing plantations and natural stands
that are 80 years old or less. Emphasis will be on
the development of diverse stand structure and
species composition to improve wildlife habitat
suitability, while providing for a fully functioning
forest ecosystem.

The Partnership

In an effort toward meeting the challenges of changing
times, the Siusaw National Forest has entered into

a partnership with researchers to develop and test
existing and new technologies.

Creating characteristics of late-successional forests
and sustaining productivity in younger, managed
stands of Douglasfir is the focus of a new research
and demonstration project on the Forest. Desired
stand characteristics are known to include multiple
layers, multiaged canopies, a variety of tree and plant
species, the presence of large down woody debris, and
live/dead wildlife trees. The Siuslaw Nationa Forest,
the Pacific Northwest Research Station, Oregon State
University, and the Coastal Oregon Productivity
Enhancement (COPE) Program are active partners
in a project to develop a sound scientific basis for
testing new concepts. This partnership will expedite
the transfer of current knowledge and enhance its
application to on-the-ground management. The
project utilizes recent studies of wildlife habitat and
plant ecology research. In addition, it incorporates
decades of experience from past commercial thinning
and previous silviculture studies.

The Progct

Installation of one of three replications of the project
was completed early in 1993. Plot layout and
collection of pre-logging data has been conducted

on two other sites, with harvest scheduled to be
accomplished this fall/winter.
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Interest in the study has been high throughout the
region. Three field forums, sponsored by Oregon
State University and hosted by the partners, have
been conducted during the past year. These have
been filled to capacity with participation of more
than 300 people from public agencies, private forest
industry, and other forest interest groups in Oregon,
Washington, and California.

Propct Com ponent
Treatment

Each of the site replications are located on
fast-growing, 30- to 40-year-old Douglasfir stands
that originated from clearcut harvesting that

was followed by burning, hand planting, and
pre-commercial thinning. Study treatments will
explore the development of stand diversity by
commercia thinning to 250 trees per hectare (100
trees per acre) (normal spacing), 150 trees per hectare
(60 trees per acre) (wide spacing), 75 trees per
hectare (30 trees per acre) (extra wide spacing), and
with comparison to a no thin (control) area of 500
to 750 trees per hectare (200 to 300 trees per acre).
The treatment blocks are a minimum of 2 hectares
(5 acres) each. Within the blocks are smaller plots
to study stand development and growth/yield. Some
areas will be underplanted with a variety of conifer
and hardwood species that include Douglas-fir,
western hemlock, grand fir (Abies grandis (Dougl. ex
D. Don) Lindl.), western redcedar, Sitka spruce, red
alder, and bigleaf maple.

Participants

Scientists involved in the project include plant
ecologists, silviculturists, wildlife biologists,
physiologists, forest engineers, and biometricians.

Progct Goal

The goa is to determine if one or more of the
treatments will result in managed stands with
characteristics and habitats similar to late-successional
forests more quickly than if the stands were left to
natural processes or traditional management.

Factors to be Measured

e Growth and structure of overstory crop trees.

e Tree crown and stand canopy dynamics
(vertical/horizontal).

e Surviva and growth of underplanted tree species.

e Composition, abundance, and growth of herb and
shrub layers.

e Development of advance and natural tree
regeneration.

e Soil productivity.

e Dynamics of downed woody debris.

e Microsite characteristics and quality of plant and
wildlife habitat.

e Qualitative differences in wildlife habitat suitability.

The research organizations involved in the study

are committed to rapid and thorough technology
transfer. In addition to field tours such as those
already described, reports are prepared for the COPE
quarterly newsletter. Scientists plan to publish
interim as well as later results in outlets that reach
forest managers and others outside the scientific
community who are interested in the findings. Results
and concepts from this project should be readily
applicable and adaptable to ecosystem management
practices specific to the Oregon Coast Range and
throughout the Douglas-fir region.

Harvesting of the first replication required a light
touch to minimize disturbances to soil and to residua
trees. Harvesting restrictions decreased normal
logging efficiency and increased the costs of harvest
operations. Time and motion studies have been added
to the study plan for the other replication sites.

Conchlision

This study relates directly to creating improved
habitat for wildlife species that require more
structural diversity in forest stands. Under natural
conditions or traditional management, it takes

many decades before young, managed stands

develop forest structure that is typical of mature

and old-growth forests. This study focuses on
accelerating the structural development of young,
managed stands across the landscape. Long-term
results should provide valuable information to balance
wood production goals with wildlife habitat needs,
while utilizing an ecosystem approach to forest
management. The project partners intend to continue
the collection and analysis of data over time with the
goa of developing new management guidelines.
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Nationa H ierarch icallFramew ork ofEcobgicalUnits

Peter E. A\ers, David T. CH bhnd, and W. Henry McNab

Abstract

The NationallH ierarch ical Framework of Ecobgical

Units is a regionallzation, c kssification, and m apping

sysem for stratifying tte Eartt into progressixe ¥ smalir
areas of increasing¥ uniform ecobgical poentiaB. This
regionallzation, c kssification, and m apping process uses
avaibb B resource maps inc bding cm at, geobgy, Bndform,
soiB, watr, and \egetation. Our goaB are 1 dewe bp an
ecobgicalchssification and innentory sysem for alNational
Forest Sysem Bnds, and t provide a prototype systm
acceptab B t© al agencies. National coordinatd ecolbgical
unitmaps willbe dewe bped for Ecoregion and Subregion
scalls conering alU.S. hnds.

Introduction

To implement ecosystem management, we need basic
information about the nature and distribution of
ecosystems. To develop this information, we need
working definitions of ecosystems and supporting
inventories of the components that comprise
ecosystems. We aso need to understand ecological
patterns and processes, and the interrelationships

of social, physical, and biological systems. To meet
these needs, we must obtain better information
about the distribution and interaction of organisms
and the environments in which they occur, including
the demographics of species, the development and
succession of communities, and the effects of human
activities and land use on species and ecosystems
(Urban and others 1987). Research has a critical
role in obtaining this information.

This paper presents a brief background of regional
land classifications, describes the hierarchical
framework for ecological unit design, examines
underlying principles, and shows how the framework
can be used in resource planning and management.
The basic objective of the hierarchical framework is
to provide a systematic method for classifying and
mapping areas of the Earth based on associations
of ecologica factors at different geographic scales.

SoiB Program Leader, USDA Forest Service, Wash ington
Office, Wash ington, DC; Research Liaison, North Central
Forest Experiment Station, Rhine Bnder, W I; Research
Forestr, Southeastrn Forest Experiment Station, Ashevi ¥,
NC. The paper was presentd by Randy Moore, Soil
Speciallst USDA Forest Service, Wash ington Office,
Washington, DC, in the absence of the senior aut or.

The framework is needed to improve our efforts

in national, regional, and forest level planning;

to achieve consistency in ecosystem management
across national forests and regions, to advance

our understanding of the nature and distribution

of ecosystems; and to facilitate interagency data
sharing and planning. Furthermore, the framework
will help us evaluate the inherent capabilities of land
and water resources and the effects of management
on them.

Ecological units delimit areas of different biological
and physical potentials. Ecological unit maps can
be coupled with inventories of existing vegetation,
air quality, aquatic systems, wildlife, and human
elements to characterize complexes of life and
environment, or ecosystems. This information on
ecosystems can be combined with our knowledge of
various processes to facilitate a more ecological
approach to resource planning, management, and
research.

Note that ecologica classification and mapping
systems are devised by humans to meet human
needs and values. Ecosystems and their various
components often change gradually, forming
continua on the Earth’'s surface which cross
administrative and political boundaries. Based on
their understanding of ecological systems, humans
decide on ecosystem boundaries by using physical,
biological, and social considerations.

We recognize that the exact boundaries for each
level envisioned in this process and developed

in map format may not fit every andysis and
management need. Developing boundaries of
areas for analysis, however, will not change the
boundaries of ecological units. In some cases, an
ecological unit may be the analysis area. In other
cases, watersheds, existing conditions, management
emphasis, proximity to specia features (e.g.,
research natural, wilderness, or urban areas) or
other conditions may define an analysis area. In
these cases, ecological units can be aggregated or
divided if needed to focus on relevant issues and
concerns.



Back ground
Regional Land Classifications

Hierarchical systems using ecological principles

for classifying land have been developed for
geographical scales ranging from globa to local.
Using a bioclimatic approach at a global scale,
several researchers have developed ecological

land classifications: Holdridge (1967), Walter

and Box (1976), Udvardy (1975), and Bailey
(1989a,b). Wertz and Arnold (1972) developed
land stratification concepts for regional and land
unit scales. Other ecologically based classifications
proposed at regional scales include those of Driscoll
and others (1984), Gallant and others (1989), and
Omernik (1987) in the United States and those

of Wiken (1986) and the Ecoregions Working
Group (1989) in Canada. Concepts have also been
presented for ecological classification at subregional
to local scales in the United States (Barnes and
others 1982), Canada (Jones and others 1983, Hills
1952), and Germany (Barnes 1984).

But no single system has the structure and
flexibility necessary for developing ecological

units at continental to local scales. Each of these
systems have strong points that contribute to the
strength of the national hierarchy. The concepts and
terminology of the national system draws upon this
former work to devise a consistent framework for
application throughout the United States.

Ecological Unit Design

The primary purpose for delineating ecological units
is to identify land and water areas at different levels
of resolution that have similar capabilities and
potentials for management. Ecological units are
designed to exhibit similar patterns in: (1) potential
natural communities, (2) soils, (3) hydrologic
function, (4) landform and topography, (5) lithology,
(6) climate, (7) air quality, and (8) natural processes
for cycling plant biomass and nutrients (e.g.,
succession, productivity, fire regimes).

It should be noted that climatic regime is an
important boundary criteria for ecologica units,
particularly at broad scales. In fact, climate, as
modified by topography, is the dominant criteria at
upper levels. Other factors, such as geomorphic
process, soils, and potential natural communities
take on equal or greater importance than climate at

lower levels. The discussion under the Classification
Framework section and table 1 provide more details
on map unit criteria for each hierarchical level.

It follows, then, that ecological map units are
differentiated and designed by multiple components
including climate, physiography, geology, sails,
water, and potential natural communities (FSM
2060, FSH 2090.11). These components may be
analyzed individually and then combined, or
multiple factors/components may be simultaneously
evaluated to classify ecological types which are then
used in ecological unit design (FSH 2090.11). The
first option may be increasingly used as Geographic
Information Systems (GIS) become more available.
The interrelationships among independently defined
components, however, will need to be carefully
evaluated, and the results of layering component
maps may need to be adjusted to identify units that
are both ecologicaly significant and meaningful to
management. When various disciplines cooperate in
devising integrated ecological units, products from
existing resource component maps can be modified
and integrated interpretations can be developed
(Avers and Schlatterer 1991).

Ecological unit inventories are generaly designed
and conducted in cooperation with the Soil
Conservation Service, agricultural experiment
stations of land grant universities, Bureau of
Land Management, and other appropriate State
and Federal agencies. Mapping conventions and
soil classification meet standards of the National
Cooperative Soil Survey.

Chssification Framew ork

The National Ecological Unit Hierarchy is presented
in Tables 1, 2, and 3. The hierarchy is based on
concepts and terminology developed by numerous
scientists and resource managers (Hills 1952,
Crowley 1967, Wertz and Arnold 1972, Rowe
1980, Allen and Starr 1982, Barnes and others
1982, Forman and Godron 1986, Bailey 1987,
Meentemeyer and Box 1987, Gallant and others
1989, Cleland and others 1992). The following is
an overview of the differentiating criteria used in
the development of the ecological units. Table 1
summarizes the principal criteria used at each level
in the hierarchy.
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Table I-Principal map unit design criteria of ecological units

Ecological unit Principal map unit design criterial
Domain Broad climatic zones or groups (e .g. , dry, humid, tropical)
Division Regional climatic types (Koppen 1931, Trewartha 1968).
Vegetational affinities (e.g. , prairie or forest).
Soil order.
Province Dominant potential natural vegetation (Kuchler 1964).

Highlands or mountains with complex vertical climate~
vegetation-soil  zonation.

Section Geomorphic province, geologic age, stratigraphy , lithology.
Regional climatic data.
Phases of soil orders, suborders, or great groups.
Potential natural vegetation.
Potential natural communities (PNC) (FSH 2090).

Subsection Geomorphic process, surficial geology, lithology .
Phases of soil orders, suborders or great groups.
Subregional climatic data
PNC--formation or series.

Landtype Geomorphic process , geologic formation, surficial geology,
Association and elevation.
Phases of soil subgroups, families, or series.
Local climate.
PNC--series , subseries, plant associations.

Landtype Landform and topography (elevation, aspect, slope gradient,
and position).
Phases of soil subgroups, families, or series.
Rock type, geomorphic process.
PNC--plant associations.

Landtype Phase Phases of soil families or series.
Landform and slope position.
PNC--plant associations or phases.

1 It should be noted that the criteria listed are broad categories of environmental and landscape
components. The actual classes of components chosen for designing map units depend on the
objectives for the map.



Table 2-National hierarchy of ecological units

Planning and Ecological Purpose, objectives, and general use
analysis scale units’
Ecoregion Domain Broad applicability for modeling and
sampling.
Division Strategic planning and assessment.
International planning.
Province
Subregion Section Strategic, multiforest, statewide and
multiagency analysis and assessment.
Subsection
Landscape Landtype Forest or area-wide planning, and
Association watershed analysis.
Land Unit Landtype Project and management area planning

and analysis.
Landtype Phase

! Hierarchy can be expanded by user to smaler geographical areas and more detailed
ecological units if needed.

Table 3-Map scale and polygon size of ecological units

Ecological Map scale range General polygon size
unit
Domain 1:30,000,000 or smaller 1,000,000’s of square miles
Division 1:30,000,000 to 1:7,500,000 100,000’'s of square miles
Province 1:15,000,000 to 1:5,000,000 10,000's of square miles
Section 1:7,500,000 to 1:3,500,000 1,000’s of square miles
Subsection 1:3,500,000 to 1:250,000 10’s to low 1,000's of square miles
Landtype 1:250,000 to 1:60,000 100's to 1,000's of acres
Association
Landtype 1:60,000 to 1:24,000 10’s to 100's of acres
Landtype 1:24,000 or larger <100 acres
Phase
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Ecoregion Scale

At the Ecoregion scale, ecologica units are
recognized by differences in global, continental, and
regional climatic regimes and gross physiography.
The basic assumption is that climate governs energy
and moisture gradients, thereby acting as the
primary control over more localized ecosystems.
Three levels of ecoregions, adapted from Bailey
(1980), are identified in the hierarchy:

Domains-Domains are subcontinental divisions of
broad climatic similarity, such as lands that have the
dry climates of Koppen (1931), which are affected
by latitude and global atmospheric conditions.

For example, climate of the Polar Domain is
controlled by arctic air masses, which create cold,
dry environments where summers are short. In
contrast, the climate of the Humid Tropica Domain
is influenced by equatorial air masses and there is
no winter season. Domains are also characterized
by broad differences in annual precipitation,
evapotranspiration, potential natural communities,
and biologically significant drainage systems. The
four Domains are named according to the principal
climatic descriptive features: Polar, Dry, Humid
Temperate, and Humid Tropical.

Divisions-Divisions are subdivisions of a Domain
determined by isolating areas of definite vegetational
affinities (prairie or forest) that fall within the same
regiona climate, generally at the level of the basic
types of Koppen (1931) as modified by Trewartha
(1968). Divisions are delineated according to: (@)
the amount of water deficit (which subdivides the
Dry Domain into semi-arid, steppe, or arid desert;
and (b) the winter temperatures, which have an
important influence on biological and physical
processes and the duration of any snow cover.

This temperature factor is the basis of distinction
between temperate and tropical/subtropical dry
regions. Divisions are named for the main climatic
regions they delineate, such as Steppe, Savannah,
Desert, Mediterranean, Marine, and Tundra

Provinces-Provinces are subdivisions of a Division
that correspond to broad vegetation regions, which
conform to climatic subzones controlled primarily by
continental weather patterns such as length of dry
season and duration of cold temperatures. Provinces
are aso characterized by similar soil orders. The
climatic subzones are evident as extensive areas

of similar potential natural vegetation as mapped

by Kuchler (1964). Provinces are named typically
using a binomial system consisting of a geographic
location and vegetative type such as Bering Tundra,
California Dry-Steppe, and Eastern Broadleaf
Forests.

Highland areas that exhibit altitudinal vegetational
zonation and that have the climatic regime
(seasondity of energy and moisture) of adjacent
lowlands are classified as Provinces (Bailey

and others 1985). The climatic regime of the
surrounding lowlands can be used to infer the
climate of the highlands. For example, in the
Mediterranean Division along the Pacific Coast, the
seasona pattern of precipitation is the same for the
lowlands and highlands except that the mountains
receive about twice the quantity. These Provinces
are named for the lower elevation and upper
elevation (subnival) belts, e.g., Rocky Mountain
Forest-Alpine Meadows.

Subregion Scale

Subregions are characterized by combinations of
climate, geomorphic process, topography, and
stratigraphy that influence moisture availability and
exposure to radiant solar energy, which in turn
directly control hydrologic function, soil-forming
processes, and potential plant community
distributions. Sections and Subsections are the two
ecological units mapped at this scae.

Section-Sections are broad areas of similar
geomorphic process, stratigraphy, geologic origin,
drainage networks, topography, and regiona climate.
Such areas are often inferred by relating geologic
maps to potential natural vegetation “series’
groupings as mapped by Kuchler (1964). Boundaries
of some Sections approximate geornorphic provinces
(for example Blue Ridge) as recognized by
geologists. Section names generaly describe the
predominant physiographic feature upon which

the ecological unit delineation is based, such as
Flint Hills, Great Lakes Morainal, Bluegrass Hills,
Appaachian Piedmont.

Subsections-Subsections are smaller areas of
Sections with similar surficial geology, lithology,
geomorphic process, soil groups, subregional climate,
and potential natural communities. Names of
Subsections are usualy derived from geologic
features, such as Plainfield Sand Dune, Tipton Till
Plain, and Granite Hills.



Landscape Scale

At the Landscape scale, ecological units are defined
by general topography, geomorphic process, surficial
geology, soil and potential natural community
patterns, and local climate (Forman and Godron
1986). These factors affect biotic distributions,
hydrologic function, natural disturbance regimes,
and general land use. Loca landform patterns
become apparent at this level in the hierarchy, and
differences among units are usually obvious to
on-the-ground observers. At this level, terrestrial
features and processes may also have a strong
influence on ecological characteristics of aquatic
habitats (Platts 1979, Ebert and others 1991).
Landtype Association ecological units represent this
scale in the hierarchy.

Landtype Associations-Landtype Associations
are groupings of Landtypes or subdivisions of
Subsections baaed upon similarities in geomorphic
process, geologic rock types, soil complexes, stream
types, lakes, wetlands, and series, subseries, or plant
association vegetation communities. Repeatable
patterns of soil complexes and plant communities
are useful in delineating map units at this level.
Names of Landtype Associations are often derived
from geomorphic history and vegetation community.

Land Unit Scale

At the basic Land Unit scale, ecological units

are designed and mapped in the field based on
properties of local topography, rock types, soils, and
vegetation. These factors influence the structure
and composition of plant communities, hydrologic
function, and basic land capability. Landtypes and
Landtype Phases are the ecological units mapped at
this scale.

Landtypes-Landtypes are subdivisions of
Landtype Associations or groupings of Landtype
Phases based on similarities in soils, landform, rock
type, geomorphic process, and plant associations.
Land surface form that influences hydrologic
function (e.g., drainage density, dissection relief)
is often used to delineate different Landtypes in
mountainous terrain. Valley bottom characteristics
(e.g., confinement) are commonly used in
establishing riparian Landtype map units. Names
of Landtypes are to include an abiotic and biotic
component (FSH 2090.11).

Landtype Phase-Landtype Phase more narrowly
defined Landtypes based on topographic criteria
(e.g., slope-shape, steepness, aspect, position,
hydrologic characteristics, associations and
consociations of soil taxa, and plant associations
and phases. These factors influence or reflect

the microclimate and productivity of a site.
Landtype Phases are often established based on
interrelationships between soil characteristics and
potential natural communities. In riparian mapping,
Landtype Phases may be established to delineate
different stream type environments (Herrington and
Dunham 1967). Naming is similar to Landtypes
(FSH 2090.11).

The Landtype Phase is the smallest ecological unit
recognized in the hierarchy. However, even smaller
units may need to be delineated for very detailed
project planning at large scales (table 2). Map
design criteria depend on project objectives.

Plot Data

Point or plot sampling units are used to gather
ecological data for inventory, monitoring, quality
control, and for developing classifications of
vegetation, soils, or ecological types. This plot
data feeds into data bases for analysis, description,
and interpretation of ecological units (Keane and
others 1990). Broad policy for data administration
and standardization is in FSM 1390 and FSM

6600. Specific standards to be followed are in the
Standards for Data and Data Structures Handbook
(FSH 6609.15). Other directives may aso apply
such as the Timber Permanent Plot Handbook (FSH
2409.13a). The plots can serve as reference sites for
ecological types. Plots, while not mappable, can be
shown on maps as point data.

In summary, the national framework has an
extensive scientific basis, and provides a hierarchical
system for mapping ecological units ranging in size
from globa to local. At each level, abiotic and
biotic components are integrated to classify and
delineate geographical areas with similar ecological
potentials. These ecological units, combined with
information on existing conditions and ecological
processes, provide a basis for managing ecosystems.

+
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Under¥ing Princip ks
Ecosysem Concept

Ecosystems are places where life forms and
environment interact; they are three dimensional
segments of the Earth (Rowe 1980). Tansley
introduced the term “ecosystem” in 1935, and the
explicit idea of ecologica systems composed of
multiple abiotic and biotic factors was formally
expressed in our language (Major 1969). The
ecosystem concept brings the biological and
physica worlds together into a holistic framework
within which ecological systems can be described,
evaluated, and managed (Rowe 1992).

The structure and function of ecosystems are largely
regulated along energy, moisture, nutrient, and
disturbance gradients. These gradients are affected
by climate, physiography, soils, hydrology, flora,

and fauna (Barnes and others 1982, Jordan 1982,
Spies and Barnes 1985); and these factors change

at different spatial and temporal scales. Ecological
systems therefore exist at many spatia scales, from
the global ecosphere down to regions of microbial
activity.

At global, continental, and regional scales, ecosystem
patterns correspond with climatic regions, which
change mainly due to latitudinal, orographic, and
maritime influences (Bailey 1987, Denton and
Barnes 1988). Within climatic regions, physiography
or landforms modify macroclimate (Rowe 1984,
Smalley 1986, Bailey 1987), and affect the movement
of organisms, the flow and orientation of watersheds,
and the frequency and spatial pattern of disturbance
by fire and wind (Swanson and others 1988).

Within climatic-physiographic regions, water,

plants, animals, soils, and topography interact to
form ecosystems at Land Unit scales (Pregitzer

and Barnes 1984). The challenge of ecosystem
classification and mapping is to distinguish natural
associations of ecological factors at different spatial
scales, and to define ecological types and map
ecological units that reflect these different levels of
organization.

While the association of multiple bictic and abiotic
factors is al important in defining ecosystems, all
factors are not equally important at all spatial
scales. At coarse scales, the important factors are
largely abiotic, while at finer scales both biotic and
abiotic factors are important. Furthermore, the

level of discernible detail, the number of factors
comprising ecosystems, and the number of variables
used to characterize these factors progressively
increase at finer scales. Hence, the data and
analysis requirements and investments for ecosystem
classification and mapping also increase for finer
scaled activities.

The conditions and processes occurring across
larger ecosystems affect and often override those
of smaller ecosystems, and the properties of
smaller ecosystems emerge in the context of larger
systems (Rowe 1984). Moreover, environmental
gradients change due to climatic, physiographic, and
edaphic variations that affect ecological patterns
and processes at different spatial scales. Thus, it
is useful to conceive of ecosystems as occurring

in a nested geographic arrangement, with smaller
ecosystems embedded in larger ones (Allen and
Starr 1982, O’Neill and others 1986, Albert and
others 1986). This spatial hierarchy is organized in
decreasing orders of scale by the dominant factors
affecting ecological systems. Ecosystems become
networked, however, when non-adjacent systems
exhibit similar structure and function with respect
to specific biota (e.g., sedentary plants as opposed
to wide ranging animals) and various processes;
hence, the networking of ecological systems is scale
dependent (Allen and Hoekstra 1992). Networking
of ecosystems occurs most often at lower levels of
the hierarchy and depends upon requirements,
environmental tolerances, and dispersion mechanisms
of biota, as well as other factors that affect
biotic-abiotic interactions occurring within and
across local, landscape, and regional ecosystems.

Lif and EnuMronmentall Intractions

Life forms and environment have interacted and
codeveloped at all spatial and temporal scales, one
modifying the other through feedback. Appreciating
these interactions is integral to understanding
ecosystems.

At a global scale, scientists have theorized that the
evolution of cyanobacteria, followed by terrestrial
plants capable of photosynthesis, carbon fixation,
and oxygen production converted the Earth’'s
atmosphere from a hydrogen to an oxygen base and
still sustain it today. At a continental scale, the
migration of species in response to climate change,
and the interaction of their environmental tolerances



and dispersal mechanisms with landform-controlled
migration routes formed today’s patterns in
species distributions. At a Landscape scale, life
forms, environment, and disturbance regimes have
interacted to form patterns and processes. For
example, pyrophilic communities tend to occupy
droughty soils in fire-prone landscape positions,
produce volatile foliar substances, and accumulate
litter, thereby increasing their susceptibility to
burning. At yet finer scales, vegetation has induced
soil development over time through carbon and
nutrient cycling, enabling succession to proceed to
communities with higher fertility requirements.

In each of these examples, life forms and
environment have modified one another through
feedback to form ecological patterns and processes.
These types of relationships underscore the need
to consider both biotic and environmental factors
while classifying, mapping, and managing ecological
systems.
Spatial and Temporal Variability

The structure and function of ecosystems change
through space and time. Conseguently, we need

to address both spatial and temporal sources of
variability while evaluating, classifying, mapping,

or managing ecosystems (Delcourt and others 1983,
Forman and Godron 1986). At a Land Unit scale,
for example, the fertility of particular locations
changes through space because of differences in soil
properties or hydrology, and at Ecoregion scales,
conditions vary from colder to warmer because of
changes in macroclimate. These relatively stable
conditions favor certain assemblages of plants and
animals while excluding others because of biotic
tolerances, and processes such as competition. These
environmental conditions are classified as ecological
types and mapped as ecological units.

Within ecological units, ecosystems may support
vegetation that is young, mature, or old, and they
may be composed of communities that are early,
mid, or late successional. These relatively dynamic
conditions also benefit certain plant and animal
species and assemblages. Conditions that vary
temporally are classified and mapped as existing
vegetation, wildlife, water quality, and so forth.

These examples illustrate that ecological units do
not contain al the information needed to classify,
map, and manage ecosystems. Ecological units
address the spatial distributions of relatively

stable associations of ecological factors that affect
ecosystems. When combined with information
on existing conditions, the National Hierarchy of
Ecological Units provides a means of addressing
spatial and temporal variations that affect the
structure and function of ecosystems. Adding
our knowledge of processes to this information
will enable us to better evolve into ecosystem
management.

Use ofEcobgicallunits

Ecological units provide basic information for
natural resource planning and management.
Ecological unit maps may be used for activities
such as delineating ecosystems, assessing resources,
conducting environmental analyses, establishing
desired future conditions, and managing and
monitoring natural resources.

Ecosystem Mapping

To map ecosystems, or places where life and
environment interact, we need to combine two
types of maps. maps of existing conditions that
change readily through time, and maps of potential
conditions that are relatively stable. Existing
conditions change due to particular processes

that operate within the bounds of biotic and
environmental, or ecological, potentials. Existing
conditions are inventoried as current vegetation,
wildlife,” water quality, and so forth. Potential
conditions are inventoried as ecological units. When
these maps are combined, biotic distributions and
ecological processes can be evaluated and results
can be extrapolated to similar ecosystems. The
integration of multiple biotic and abiotic factors,
then, provides the basis for defining and mapping
ecosystems.

Fundamental base maps are key to mapping
ecosystems and integrating resource inventories.
These maps include the Primary Base Map series
showing topography, streams, lakes, ownership,
political boundaries, cultural features, and other
layers in the Cartographic Features File. On this
base, the next set of layers could include ecological
units, watersheds, and inventories of aguatic systems
at appropriate spatial scales. Next would be layers
of information on existing vegetation, wildlife
populations, fish distribution, demographics, cultural
resources, economic data, and other information
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needed to delineate ecosystems to meet planning
and analysis needs.

GIS will provide a tool for combining these separate
themes of information, and representing the
physical, biological, and sociad dimensions to define
and map ecosystems. But scientists and managers
using this technology must actually integrate
information themes, comprehend processes, and
formulate management strategies. These tasks will
not be accomplished mechanically.

Resource Assessments

The hierarchical framework of ecological units can
provide a basis for assessing resource conditions at
multiple scales. Broadly defined ecological units
(e.g., Ecoregions) can be used for genera planning
assessments of resource capability. Intermediate
scale units (e.g., Landtype Associations) can

be used to identify areas with similar natural
disturbance regimes (e.g., mass wasting, flooding,
fire potential). Narrowly defined Land Units can
be used to assess site specific conditions including
distributions of terrestrial and aguatic biota;
forest growth, succession, and health; and various
physical conditions (e.g., soil compaction and erosion
potential, water quality).

High resolution information obtained for fine scale
ecological units can be aggregated for some types
of broader scale resource assessments. Resource
production capability, for example, can be estimated
based on potentials measured for Landtype Phases,
and estimates can be aggregated to assess ranger
district, national forest, regional, and national
capabilities.

Environmentall Anablses

Ecological units provide a means of analyzing the
feasibility and effects of management alternatives.
To discern the effects of management on ecosystems,
we often need to examine conditions and processes
occurring above and below the level under
consideration (Rowe 1980). For example, the effects
of timber harvesting are manifest not only a a Land
Unit scale, but also at microsite and Landscape
scales. Although the direct effects of management
are assessed at the Land Unit scale, indirect and
cumulative effects take place at different points

in space or time, often at higher spatial scales.
Ecological units defined at different hierarchical

levels will be useful in conducting multiscaled
analyses for managing ecosystems and documenting
environmental effects (Jensen and others 1991).

Watrshed Analbsis

The national hierarchy provides a basis for
evaluating the linkages between terrestrial and
aquatic systems. Because of the interdependence of
geographical components, aquatic systems are linked
or integrated with surrounding terrestrial systems
through the processes of runoff, sedimentation,

and migration of biotic and chemical elements.
Furthermore, the context of water bodies affects
their ecological significance. A lake embedded within
a landscape containing few lakes, for example,
functions differently than one embedded within

a landscape composed of many lakes for wildlife,
recreation, and other ecosystem values. Aquatic
systems delineated in this indirect way have many
characteristics in common, including hydrology

and biota (Frissell and others 1986). Overlays of
hierarchical watershed boundaries on ecological
mapping units are useful for most watershed analysis
efforts. In this case, the watershed becomes the
analysis area which is both superposed by and
composed of a number of ecological units which
affect hydrologic processes such as water runoff and
percolation, water chemistry, and ecological function
due to context.

Desired Future Conditions

Desired future conditions (DFC’s) portray the
land or resource conditions expected if goals and
objectives are met. Ecological units will be useful
in establishing goals and methods to meet DFC’s.
When combined with information on existing
conditions, ecological units will help us project
responses to various treatments.

Ecological units can be related to past, present, and
future conditions. Past conditions serve as a model
of functioning ecosystems, and provide insight into
natural processes. It is unreasonable, for example,
to attempt to restore systems like oak savannas

or old-growth forests in areas where they did not
occur naturally. Moreover, natural processes like
disturbance or hydrologic regimes are often beyond
human control. Ecological units will be helpful in
understanding these processes and in devising DFC’s
that can be attained and perpetuated.



Desired future conditions can be portrayed at
several spatial scales. We can minimize conflicting
resource uses (e.g., remote recreational experiences
versus developed motorized recreation, habitat
management for area sensitive species versus edge
species) if we consider the effects of projects at
several scales of analysis. Ecologica units will be
useful in delineating land units at relevant analysis
scales for planning DFC’s (Brenner and Jordan
1991).

Resource Management

Information on ecological units will help

establish management objectives and will support
management activities such as the protection of
habitats of sensitive, threatened, and endangered
species, or the improvement of forest and rangeland
health to meet conservation, restoration, and human
needs. Information on current productivity can be
compared to potentials determined for Landtype
Phases, and areas producing less than their
potential can be identified (Host and others 1988).
Furthermore, long-term sustained yield capability
can be estimated based on productivity potentials
measured for fine scale ecological units.

Monitoring

Monitoring the effects of management requires
baseline information on the condition of ecosystems
at different spatial scales. Through the ecological
unit hierarchy, managers can obtain information
about the geographic patterns in ecosystems.

They are, thus, in a position to design stratified
sampling networks for inventory and monitoring.
Representative ecological units can be sampled and
information can then be extended to analogous
unsampled ecological units, thereby reducing cost
and time in inventory and monitoring.

By establishing baselines for ecological units and
monitoring changes, we can protect landscape-,
community-, and species-level biological diversity;
and other resource values such as forest productivity,
and air and water quality. The results of
effectiveness and validation monitoring can be
extrapolated to estimate effects and set standards in
similar ecological units.

Evauation of air quality is an example of how the
National Hierarchical Framework of Ecological
Units can be used for baseline data collection

and monitoring. The Forest Service is developing
a National Visibility Monitoring Strategy that
addresses protection of air quality standards as
mandated by the Clean Air Act, along with other
concerns (USDA Forest Service 1993). Key to this
plan is stratification of the United States at the
subregion level of the nationa hierarchy into areas
that have similar climatic, physiographic, cultural,
and vegetational characteristics. Other questions
dealing with effects of specific air-borne pollutants
on forest health, such as correlation of ozone with
decline of ponderosa pine and other trees in mixed
conifer forest ecosystems in the San Bernardino
Mountains of southern California, will require
establishment of sampling networks in smaller
ecological units at landscape or lower levels.

Contmporary and Emerging Issues

The National Hierarchica Framework of Ecological
Units is based on natural associations of ecological
factors. These associations will be useful in
responding to contemporary and emerging issues,
particularly those that cross administrative and
jurisdictional boundaries. Concerns regarding
biological diversity, for example, can be addressed
using the ecological unit hierarchy (Probst and Crow
1991). Conservation strategies can be developed
using landscape level units as coarse filters, followed
by detailed evaluations and monitoring conducted
to verify or adjust landscape designs. We can
rehabilitate ecosystems and dependent species that
have been adversely affected through fire exclusion,
fragmentation, or other results of human activities if
we grow to understand the natural processes that
species and ecosystems codeveloped with, and

then mimic those processes through ecosystem
management.

Species may become rare, threatened, or endangered
because their habitat is being lost or degraded,
because they are endemic to a particular area,

or because they are at the edge of their natura
range. In the first two instances, protection or
recovery efforts are warranted. In the latter case,
however, it may be futile to try to maintain biota in
environments where they are predisposed to decline.
At a minimum, populations at the edge of their
range can be evaluated for genetic diversity, and
recovery programs can be administered accordingly.
Species and comrunity distributions can often be
related to ecological units, which can be useful in
their inventory and protection.
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The new emphasis on sustaining and restoring the
integrity of ecosystems may aid in arresting the
decline of biological diversity, and pre-empt the need
for many future protection and recovery efforts.
Developing basic information on the nature and
distribution of ecosystems and their elements will
enable us to better respond to issues like global
warming, forest health, and biologica diversity.

Conclision

The hierarchical framework of ecological units was
developed to improve our ability to implement
ecosystem management. This framework, in
combination with other information sources, is
playing an important role in national, regional, and
forest planning efforts, the sharing of information
between forests, stations, and regions, and
interregional assessments of ecosystem conditions.

Regions and stations, with national guidance, are
coordinating their design of ecological units at
higher levels of the national hierarchy. Development
of landscape and land unit maps is being
coordinated by appropriate regional, station, forest,
and ranger district level staff. As appropriate, new
technologies (e.g., remote sensing, GIS, expert
systems) should be used in both the design, testing,
and refinement of ecological unit maps.

The classification of ecological types and mapping
of ecological units pose a chalenge to integrate
not only information, but also the concepts and
tools traditionally used by various disciplines.

The effort brings together the biological and
physical sciences that have too often operated
independently. Specialists like foresters, fishery
and wildlife biologists, geologists, hydrologists,
community ecologists, and soil scientists will need to
work together to develop and implement this new
classification and mapping system. The results of
these concerted efforts will then need to be applied
in collaboration with planners, social scientists,
economists, archaeologists, and the many other
speciaties needed to achieve a truly ecologica
approach to the management of our nation’s
national forests and grasslands.

Acknow Bdgment

The authors express their appreciation for important
contributions to this paper by many USDA Forest
Service employees, especialy Mark E. Jensen,
Robert G. Bailey, Thomas King, Charles B. Goudey,
and Walter E. Russell. Many helpful comments and
suggestions were aso received from administrators,
resource managers, and scientists with other Federal
and State agencies, conservation groups, and
universities.



References

Abert D.A.; Denton, S.R.; Barnes, B.V. 1986.
Regionall Bndscape ecosystms of Michigan. Sch ool
of Natral Resources. Ann Arbor, ML University of
Mich igan: 32 p.

AIBn, T.FH .; Hoekstra, TW. 1992. Toward a unified
ecobgy. New York: Colimbia Uni\ersity Press. 384 p.

ABRn, T.FH.; Starr, T.B. 1982. H ierarchy: perspectixes
for ecobgicall con p Exity. Chicago: The Uniersity of
Chicago Press. 310 p.

Awers, P.E.; Sch Bhteerer, E.F. 1991. Ecosystm
chssification and managementon nationallforest. In:
Proceedings of the 1991 sym posium on systms analbsis in
forest resources.

Bai By, R.G. 1980. Descriptions of the ecoregions of
te Unitd Stats. Misce Bhneous Pub Bcation 1391.
Wash ington, DC: U.S. Department of AgricuBlure, Forest
Service. 77 p.

Baily, R.G. 1987. Suggestd hierarchy of critria for
mu Ki-scal ecosystm mapping. Landscape and Urban
PRnning. 14: 313-319.

Baily, R.G. 198%a. Ecoregions of tie continent (m ap).
Wash ington, DC: U.S. Department of AgricuBure, Forest
Service. Scak 1:30,000,000.

Baily, R.G. 198Jb. Exp hnatory suppkment to the
ecoregions map of the continents. Environmental
Conservation. 15(4): 307-309.

Baiky, R.G.; Zohai, S.C.; Wiken, E.B. 1985. Eco bgical
regionallzation in Canada and the Unitd Stats.
Geoforum. 16(3): 265-275.

Baliwin, JL 1973. CImats of the Unittd Stats.
Wash ington, DC: U.S. Department of Commerce, NOAA.
U.S. Gonernment Printing Office. 113 p.

Barnes, B.\. 1984. Forest ecosystm chssification and
m apping in Baden-Wurttemberg, West Germ any.
In: Forest Bnd chssification: experience, probEms,
perspectines: Proceedings of the sym posium ; 1984 March
18-20; Madison, W L. 49-65.

Barnes, B.V.; Pregitzer, K.S.; Spies, T.A.; Spooner,
VH . 1982. Ecobgicall forest sit chssification. Journall of
Forestry. 80: 493-498.

Brenner, R.N.; Jordan, JK. 1991. The roBR of an
ecobgicalchssification system in forest phn de\e bpment
and impEmentaton. In: Proceedings of the 1991
sym posium on systms analsis in forest resources; 1991
March 3-6; Charllston, SC.

CE Bnd, D.T.; Crow, T.R.; Awrs, P.E.; Probst, J.R.
1992. Principls of Bnd stratification for de Ineating
ecosystms. In: Proceedings of taking an ecobgical
approach ® management nationallworkshop; 1992 April
27-30; Sak Lake City, UT. 10 p.

Cow ardin, LM.; Cartr, V.; Golet, F.C.; LaRoe, E.T.
1979. Chssification of we thnds and deepwatr habitats of
the Unitd Staks. Washington, DC: U.S. Department of
te Intrior, US. Fish and WiBlIf Servce. 131 p.

Crow By, JM. 1967. Biogeography in Canada. Canadian
Geographer. 11: 312-326.

De kEourt, H.R.; Dekourt T.A.; Webb, T. 1983.
Dynamic phntecobgy: the spectrum of egetative change
in space and time. Quant. Sci. Rev 1. 153-75.

Denton, D.R.; Barnes, B.V. 1988. An ecobgicall cImatic
chssification of Michigan: a quantitative approach. Forest
Science. 34: 119-138.

Driscoll R.S. [and others] 1984. An ecobgical
Bhnd chssification framework for e Unitd Stats.
Misce Bhneous Pub Ecation 143%. Wash ington, DC: U.S.
Department of AgricuBure, Forest Service. 56 p.

Ebert D.J.; Ne Bon, T.A.; Kershner, J. L 1991. A
soi lbased assessmentof stream fish habitats in coastal
p hins streams. In: Proceedings of warmw atr fisheries
sym posium ; 1991 June 4-8; Phoenix, AZ.

Ecoregions Working Group. 198). Ecoclmatic regions
of Canada, first approxim ation. Eco bgicall Land

Chssification Series No. 23. Ottaw a: Environment Canada.

119 p. and map at 1:7,500,000.

Fenneman, N.M. 1938. Physiography of eastern Unitd
Stats. McGraw-H il 714 p.

Forman, R.T.T.; Godron, M.
New York: John Wily.

1986. Landscape ecobgy.

Frissell, C.A.; Liss, W.J.; Warren, C.E.; Hurky,
M.C. 1986. A hierarchicall framework for stream habitat
chssification: \iewing streams in a watrshed contxt
Environmentall Management 10: 199-214.

Gallbnt A.LL; Whitder, T.R.; Larsen, D.P.
[and others] 198). Regionalzation as a tool for
m anaging enMronmental resources. Conallls, OR: U.S.
Environmentall Protection Agency, EPA/600/3-89/060.
152 p.

Herrington, R.B.; Dunham, D.K. 1967. A technique for
sam p Ing generallfish habitat ch aractristics of streams.
Res. Pap. INT-41. Ogden, UT: U.S. Department of
Agricubure, Forest Service, Intrmountain Forest and
Range Experiment Station. 12 p.

Hilk, G.A. 1952. The chssification and evabliation of sit
for forestry. Ontario Department of Lands and Forest.
Resource Division Report 24.

59



Hix, D.M. 1988. Mu Rifactor chssificaion of up hnd
hardwood forest ecosystms of the Kickapoo Riner
watrshed, soutiwestrn Wisconsin. Canadian Journall of
Forest Research. 18: 1405-1415.

HoBridge, LR. 1967. Life zone ecobgy. San Jose, CA:
Tropical Science Cent®r. 206 p.

H ost, G.E.; Pregitzer, K.S.; Ramm, C.W. [and
oters] 1987. Landform mediatd diferences in
successionallpatiways among up lnd forestecosystms in
norttwestrn Lower Michigan. Forest Science. 33: 445-457.

Host G.E.; Pregiter, K.S,; Ramm, C.W. [and
others] 1988. Variations in owerstory biomass among
ghcial bndforms and ecobgicall hnd unit in northtwestrn
Lower Michigan. Canadian Journal of Forest Research. 18:
659 -668.

Jensen, M.C.; McMicoll, C.; Prather, M. 199 1.
App Ication of ecobgicalchssification t envronmental
eflects anabsis. Journallof Environmentall Qualty. 20:
24-30.

Jones, R.K. [and others] 1983. Fie l guide t forest
ecosysem chssification for e chy bek sit region 3e.
Ontario, Canada: Ministry of Natural Resources. 123 p.

Jordan, J.K. 1982. Applcation of an intgratd knd
chssification. In: Proceedings, Artificialregeneration of
conifers in the Upper Lakes region; 1982 October 26-28;
Green Bay, WL 65-82.

Keane, R.E.; Jensen, M.E.; Hann, W.J. 1990. Ecodata
and Ecopac: anabticaltooB for intgratd resource
management The Com pilr. 8(3): 24-37.

Koppen, M. 1931. Grundriss der KImakunde. Ber In:
Walker de Grayt®r. 388 p.

Kuch Br, AW. 1964. Potntalnatural\egetation of the
contrminous Unitd Stats. American Geographic Society
Speciall Pub Ication 36. 116 p.

Major, J. 1969. H istoricall dexe bpment of the ecosystm
concept In: Van Dyne, G.M., ed. The ecosystm concept
in naturalresource management New York: Academic
Press. 9-22.

McNab, W.H. 1987. Rationall for a mu Rifactor forest sit
chssification sysem for the southern Appalkhchians. In:
Proceedings of 6t centrallh ardwood forest conference;
1987 February 24-26; Knox\vil, TN: 283-294.

Meentmeyer, V.; Box, E.O. 1987. Scal effects in
Bndscape studies. In: Turner, M.G., ed. Landscape
hetrogeneity and disturbance. New York: Springer-\er hg.
15-34.

MiIkr, P.R.; Taybr, O.C.; Wibour, R.G. 1982.
Oxidant air polition eflects on a westrn conifrous
forest ecosystm. EnvironmentalResearch Brief
EPA-600-/D-82-276. 10 p.

60

Omernik, JM. 1987. Ecoregions of the con®rminous
Unitd Stats. AnnaB of the Association of American
Geographers. 77: 118-125.

O’Neill, R.V.; DeAngelis, D.L.; Waide, J.B.; AIkn,
T.FH. 1986. A hierarchicall concept of ecosystms.
Princeton, NJ: Princeton Uni\ersity Press.

Phts, W.S. 1979. Inchiding te fishery sysem in Hnd
pEBnning. Gen. Tech. Rep. INT-60. Ogden, UT: U.S.
Department of AgricuBure, Forest Service, Intrmountain
Forest and Range Experiment Station. 37 p.

Phtus, W.S. 1980. A pla for fishery habitat chssification.
Fisheries. 5(1): 2-6.

Pregiter, K.S.; Barnes, B.V. 1184. Chssification and
com parison of up Bnd hardwood and conifer ecosystms
of the Cyrus H. McCormick Experimentall Forest upper
Mich igan. Canadian Journa B of Forest Research. 14:
362-375.

Probst J.R.; Crow, T.R. 1I91. Intgrating biobgical
dinersity and resource management Journalof Forestry.
89: 12-17.

Rowe, J.S. 1980. The common denominatr in khnd
chssification in Canada: an ecobgicall approadh ©©
m apping. Forest Chronick. 56: 19-20.

Rowe, J.S. 1984. Forest Bnd chssification: Emitations of
te use of vegetation. In: Proceedings of the sym posium
on forest Bnd chssification; 1984 March 18-20; Madison,
W I 132-147.

Rowe, JS. 1392, The ecosystm approach to forest
management Forest ChronicB. 68: 222-224.

Russe @ W.E.; Jordan, JK. 1991. Eco bgical chssification
systm for chssifying bhnd capabi Ity in midwestrn and
norteastrn U.S. nationall forests. In: Proceedings of the
sym posium, ecobgicall bnd chssification: app Ecations t©
identfy the productixe potntialof soutiern forest;
January 7-9; Charbtie, NC. Gen. Tech. Rep. SE-68.
Ashevill, NC: U.S. Department of AgricuBure, Forest
Ser\ice.

Smally, GW. 1986. Sit chssificaion and ewaliation for
the Intrior Uphnds. Tech. Pub. R8-TP9. Athnta, GA:
U.S. Department of AgricuBure, Forest Service. Southern
Region.

Spies, T.A.; Barnes, B.V. 1185. A mu Efactor ecobgical
chssification of the northern hardwood and conifer
ecosysems of Sylbania Recreation Area, Upper Peninsu b,
Mich igan. Canadian Journa Bl of Forest Research. 15:
949-960.

Swanson, F.J.; Kratz, T.K.; Caine, N.; Woodm ansee,
R.G. 1988.Landformn efects on ecosysem patierns and
processes. Bioscience. 38: 92-98.



Trewartha, G.T. 19 68. An introduction © clm at. 4t ed.

New York: McGraw-H i l 408 p.

Udwvardy, M.D.F. 19 75. A c hssification ofthe
bioge ograph icall provinces of the wor B, Occasionall Paper
18. Intrnationall Union for Conservation of Nature and
Natural Resources, Morges, Switer hnd. 48 p.

Urban, D.L.; O’Neil, D.;Shugart, H .H. 1987.
Landscape ecobgy. BioScience. 37:119-127.

U.S. Departmentof Agriculure. 1981. Land resource
regions and majpr knd resource areas of tie Unitd
Stats. Agric. H andb. 296. Wash ington, DC: U.S.
Gowernment Printing Office. 156 p.

U.S. Department of Agriculure, Forest Service. 19 76.

Land systms inwentory guide. Nortiern Region.

U.S. Department of Agriculure, Forest Service. 199 3.
Draft nationall Vsibi Ity monitoring stratgy. Wash ington,
DC.

U.S. Departmentof Agricu Bure, Forest Service
H andbook 209 0. W ash ington, DC.

U.S. Departmentof Agricu Bure, Forest Service Manual
2060. W ash ington, DC.

Walker, H .;Box, E. 19 76. G bba Ichssification ofnatural
trrestria lecosystems. e ge tation. 32: 75-81.

Wertz, W.A.; Arnoll, JA 1972. Land systems
innentory. Ogden, UT: U.S. Departmentof Agricu Bure,
Inermountain Region. 12 p.

Wiken, E.B. (compillr). 1986. Terrestria Blecozones of
Canada. Ecobgicall Land Chssification Series No. 19.
H u Bl PQ: EnvironmentCanada, Hu W

61



62

Ecoge ograph ic Ana ¥sis

A Guide o the EcobgicallDi\sion
ofLand for Resource Management

Robert G. Bailly

Abstract

Ecobgicallunits of difkrentsizes for predictine mode Ing of
resource productivity and ecobgicallresponse ™ management
need ® be identified and mapped. A set of cri€ria is
presentd for subdividing a Bndscape into ecosysem units
of difkrentsizes, based on diferences in factors im portant
in difkRrentiating ecosysems at\varying scalls in a hierarchy.
Practicalapp Ications of such unit are discussed.

Ecogeographic Anabsis, A Guide to te Ecobgical Dimsion of Land for Resource Management,

was presentd at tte 1993 Nationall Silicu Bure W orkshop butwas prevousl pubBshed in 1988 as

Misce Bkneous Pub Bcation 1465 by tte USDA Forest Service, W ashington, DC.

Geographer, Land Management PBnning Staff, USDA Forest
Service, Washington, DC



EcobgicallC kssification, Mapping, and In\entory
inthe Southern Region and s Potntia lApp Ication
Using Geograph ic Inform ation Systtms

W. Henry McNab and St McCorquodale

Abstract

The Southern Region is de\e bping an intgratd ecobgical
chssification, mapping, and innentory sysem, paterned afer
te Forest Service nationalframework ofecobgicalunit, for
use in trrestrialand aquatic ennvironment. Research resuls
suggest th at geograph ic inform ation sysems can be used ©
preclassify (predict) ecobgicall types in mountainous Errain
in advance of fie B exam ination.

Introduction

The Forest Service recently adopted a policy

of ecosystem management, which has created

a nationwide need for ecological classification,
mapping, and inventory (ECM&I) from landscape
to local scales. Based on more than a single

forest product or environmental factor, ecological
classifications integrate relationships among multiple
components, including climate, landform, soil, and
vegetation (Barnes and others 1982). This paper
provides a brief overview of the Southern Region's
approach to developing an ecologically based system
of ECM&I. A case study of an experimenta method
developed by the Southeastern Forest Experiment
Station to apply ecologica classifications using

a geographic information system (GIS) is aso
presented.

Ecobgicall Chssification and Ih\entory

During the summer of 1992, the Southern Region
devised a strategy for implementing ecosystem
management (USDA Forest Service 1992). As

part of the strategy, an interdisciplinary ECM&I
team of resource specialists from the Regiona
headquarters, Forest Supervisor's offices, and
Research was formed. The ECM&I team was
mandated to develop an ECM&I system that could

Research Forestr, USDA Forest Service, Southeastrn
Forest Experiment Station, Asheill, NC; and Deputy
Forest Superwsor, George Washington Nationall Forest
Harrisonburg, VA (respectixe §). The authors are
Member and Chairman, respective ¥, of the Southern
Region3 Ecobgical Chssification Team.

be used initially in forest-level planning, and then
in project-level ecosystem management activities.
Developing a standard regional approach to ECM&I
was a fundamental objective. This approach would
ensure scientific validity and compatibility across
political and administrative boundaries. Consistent
methods are important in the Southern Appalachian
Mountains where many national forests meet at
State boundaries, and throughout the Southern
Region where cooperation with other agencies and
interested partners is fostered.

The Southern Region's emerging ECM&I is based
on the Forest Service national hierarchy (Ecomap
1993), a and below the Subregion scale (table

1). The team is developing a single hierarchy for
classifying terrestrial and aguatic ecological units.
Applying the hierarchy in terrestrial environments
has been relatively simple because a considerable
amount of work has been done and examples are
available. The aguatic classification has evolved
during the past year and draws heavily on the
concepts advanced by Cowardin and others (1979).
Described in an administrative paper, integration of
the aguatic environment into the hierarchy is well
under way.! Similar papers have been prepared to
describe how the human dimension and wildlife
components will be integrated into the Southern
Region's ECM&1.2

Closely following the logic and structure of the
national system, ECM&I in the Southern Region is
based on integration of climate, geology, landform,
water, soils, and vegetation at al hierarchical
levels. By using two approaches, “top-down” and
“bottom-up,” at the same time, the team expedites
development of the classification. The top-down
method is based on regionalizing large ecologica
units at the Subregion scale. The bottom-up
approach involves collecting field data and grouping
small ecological units at the Land Unit scale into

1Personal communication. 1993. Keith MclLaugh In, USDA
Forest Service, Southern Region.

*Personal communication. 1993. Teri Raml, USDA Forest
Service, George Washington Nationall Forest

63



64

Table I-Hierarchical structure of the Southern Region's ecological
classification, mapping, and inventory system

Planning Ecological

scale units Purpose, objectives, and use

Ecoregion Domain
Division National planning and assessment.
Province

Subregion Section Regional planning and assessment.
Subsection

Landscape Landtype Assn. Forest planning and assessment.

Land Unit Landtype Project and management area planning

Landtype Phase

and analysis.

larger units. To achieve uniformity across forest
boundaries, the Regional Office is classifying and
mapping ecological units at the Subregion scale.
Meanwhile, each national forest is responsible for
developing ecological units at the Landscape and
Land Unit scales of the ECM&I. The Southern
Region's ECM&I is directed only to Federal lands,
however, the principles are widely applicable.

The team is also developing a guidebook that covers
al phases of ECM&I in the Southern Region. The
guidebook serves three purposes. It will: (1) provide
information on standard procedures for ecological
classification and mapping with chapters on
methods of field plot location, field data collection,
data anadysis, and construction of field keys for
distinguishing classification criteria. When local
classifications are developed using standardized
methods, the databases can be combined and used
for refinement of Subregion scales in the hierarchy.
(2) Provide a reference source based on ECM&I
within the Southern Region and specific information
pertaining to its application on each forest; and (3)
ensure compatibility among national forests for
application of ECM&I.

Management interpretations for the ecological units,
an important part of the ECM&I guidebook, will be
used to evaluate effects of management activities on
ecosystems over a range of scales. Valid ecologica

classification will allow delineation of map units
that will respond to management activities in a
predictable manner. Because a large amount of
information will be needed to implement ecosystem
management on national forests, the Forest Service
expects to work with many partners, including
universities, conservation groups, industry, and
individuals. Established cooperative efforts include
working on a classification of arborescent vegetative
communities by The Nature Conservancy for over
5 years. Other cooperative efforts or partnerships
will be needed, especialy for management
interpretations.

The Southern Region must quickly apply ecologica
classifications for use in forest planning and resource
management. Extensive areas must be mapped

for ECM&I, ideally by an interdisciplinary team,
which will require considerable time, money, and
training. Preclassification, the process using general
knowledge of an area to develop a preliminary
ecological classification in advance of intensive field
examination, is an aternative method of applying
an ECM&I to meet a range of objectives.



Geograph ic Inform ation Sys€m s

Using GIS is one way to apply ecological
classifications over extensive areas. When the
relationships between physical and biological
components are accurately quantified into
mathematical models, GIS can quickly apply the
models on a landscape basis. Research in the
Southern Appalachian Mountains has shown that
distribution of vegetative communities is associated
mainly with the environmental gradients of
temperature and moisture, and slightly with fertility
(McLeod 1988). These gradients are correlated with
the following environmental variables: elevation,
aspect, slope gradient, landform, and soils. Using
digital elevation models, GIS can automatically
calculate al the variables except soils. Raster-type
GIS is especidly well-suited to applying biological
models (Congalton and Green 1992), and it can be
easily integrated with remote sensing (Lachowski
and others 1992).

A preliminary ecological classification was developed
for a 10,000-acre tract in the Wine Spring Creek
area of the Nantahala National Forest, in western

North Carolina to illustrate preclassification using
GIS. The classification model is described in more
detail by McNab and Browning (1993). Briefly, the
area was stratified for sample plot location using a
recent 1:12,000-scale soil map. All vegetation on
0.25-acre plots in old, recently undisturbed stands
was measured by species. Topographic and soil
variables were also measured. Vegetative data
were anadlyzed using standard ecological techniques
to classify plots into groups of similar species
composition and dominance. Ordination analysis
identified tentative ecological types, which are
categories of land having unique combinations of
vegetation, soil, landscape features, and climate.
The procedures used to develop an ecological
classification for the Wine Spring Creek study area
generaly followed guidelines that will be presented
in the Southern Region’s field guidebook.

Results of the analysis indicated that at least

five ecological types occur on the Wine Spring
Creek study area, each of which is associated with
characteristic topographic and soil variables (table
2), and vegetation (table 3). Ecological type names
were based on elevation and apparent moisture

Table 2-Environmental characteristics associated with ecological types in Wine Spring Creek
study area of the Nantahala National Forest

Topographic and soil variables

Ecological
type?® Elevation Landform Aspect Gradient Solum
(1t) (in)
High-Dry >4, 500 Side slope Southerly Variable 25-40
High-Mesic >4, 500 Side slope Northerly Moderate >45
Middle-Xeric <4,500 Ridge Variable Steep <25
Middle-Dry <4500 Side slope Southerly Moderate 25-40
Middle-Mesic <4,500 Valley Variable Gentle >45

aA sixth ecological type was highly correlated with soil, but was not used in this test because a

digitized soil map was not available for

use with GIS.
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Table 3-Dominant overstory and understory vegetative species
associated with ecological types in the Wine Spring Creek study
area of the Nantahala National Forest

Ecological Predominant Predominant

type overstory species understory shrub
High-Dry Northern red oak Flame azalea
High-Mesic Sugar maple Herbs and ferns
Middle-Xeric Scarlet oak Mountain laurel
Middle-Dry Chestnut oak Blueberries
Middle-Mesic Y ellow-poplar Rhododendron

regime. We developed discriminant functions for

the ecologica types and applied them to the study
area using a raster-based GIS. Using topographic

variables, each 0.25-acre sample “site” (actudly a
cell of the DEM) was classified by the discriminant

Association’where the study was conducted. Also,
ecological types must be grouped into ecological
units, using criteria related to management
considerations such as minimum unit size and
within-unit variability, and displayed on a map of

models into one of five ecologica types (fig. 1). the proper scale.
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The Southern Region is developing an ECM&I
patterned after the Forest Service national
framework of ecological units and applicable to
terrestrial and aquatic ecological units on national
forest lands over a range of map scales. As part of
this project, the Region will publish a guidebook
that provides information on application of the
ECM&I a the project level, and on management
interpretation of ecological units. Prior to actual
field classification of ecological types and mapping
of ecological units, GIS will provide a means of
applying the ECM&I over extensive aress.
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Figure BOutput from geographic information sysem (GIS)
showing the Wine Spring Creek study area and \cinity
chssified into fixe ecobgicall types (see tab Bs 2, 3).

Severa more steps in the ECM&I process are
required before this preclassification can be used for
management purposes. First, the preclassification
must be field validated to determine its accuracy
and area of applicability. The area of application
could probably include much of the Landtype

3The Wine Spring Creek study area was inital# reportd t
consist of o Landtype Associations. H owe\er, furtier
evaliation suggests that on ¥ one Landtype Association is
appropriate (Personall Communication. 1991. Robert G.

Bai By, USDA Forest Service).
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Inform ation from th e Pastis a Resource
for th e Presentand Future

Ronall M. DippoBi and Barry D.Webb

Abstract

Resource management requires considering te bng-trm
consideration. Ecosysem management put increased em ph asis
on broader spataland tmporalaspects. This has increased
te need © manage information in a more efficientmanner.
Ri0-DataLib is presentd as a tboolto heb with tis task.

Introduction

Those tat ignore the past are destined
t repeat te same, or greatr, mistakes
in the future.

Land management and stewardship, especially of
public lands, is a long-term proposition. What
management actions have been accomplished, or
not accomplished, in the past must be reviewed
and considered when evaluating current conditions
and deciding future actions. Knowledge of past:
levels of scientific knowledge, public expectations,
administrative decisions, contractual commitments,
and political mandates in effect at various times all
need to be considered.

Ecosystem management, and the related adaptive
management, dictate maintenance of easily accessed
records of past actions and monitoring of the results
of those actions. The resource manager must consider
and evaluate past activities over a mix of geographic
areas and long time frames. This increases the

need to access and evaluate a large spectrum of
information in order to make decisions. The manager
has an obligation to leave a legacy for successors that
documents decisions and monitoring of activities that
implemented the decisions.

Correspondence management needs in Region 10

in the 1970's illustrated the necessity to develop

an efficient index and retrieval system for a large
amount of correspondence. To meet this need, Region
10 implemented a library bibliographic computer
program caled DataLib on the Region's Data
General. The program as implemented is referred to

Forestr and Information Manager, respectine ¥, USDA Forest
Service, Region 10, Regional Office, Juneau, AK.

as RIO-DatalLib. Its use has greatly expanded beyond
the original correspondence management task for
which it was purchased. It is helping manage many
long-term planning and resource management records.

The following will be discussed: (1) Region 10's need
for an index and retrieval system, (2) other options
used and/or considered, (3) how DatalLib is now being
used, (4) operational advantages, (5) introduction to
the technical aspects of the DatalLib program, and

(6) the availability of the Forest Service FSINFO
Database on Datalib.

While no computer program will solve all our record
keeping, record indexing, record recall, and decision

documentation needs, it can, as part of an integrated
procedure, help to make these tasks achievable and

manageabl e.

Need for an Index and
RetriexallSystm

Region 10 administers two long-term (50-year) timber
sale contracts for which the files have correspondence
dating from the mid-1940's. To date, there are over
65,000 pages in the correspondence files. There are
also additional filing cabinets and boxes containing
related documents, such as appeals, contract dispute
claims, NEPA documents, litigation, and other special
studies.

By the early 1980°’s, many hours had been spent
researching these files. Often very short response
time was required, and it was very time consuming
to visually search for documents. Despite efforts to
be careful and thorough, documents were overlooked.
A better way that would take much less time and
assure retrieval of pertinent documents needed to
be found. In 1985, litigation associated with the
two long-term sales emphasized a pressing need to
establish an “instant recall database” for al the
potential references and exhibits.

Again, in 1986, while compiling large certified

records for two NEPA documents, the Region was
confronted with the urgent need for a document index
and retrieval system in order to operate with any
degree of efficiency. In addition, Interdisciplinary
Team's (IDT’s) were in various stages of completion
on additional NEPA documents. There was an



immediate need to find a way to create an index for
these planning records that would serve as (1) a useful
in-house reference for the current and future needs,
(2) an administrative record as required by NEPA,
and (3) a certified record as required by the courts
when there is litigation.

As a stop-gap measure, two methods, both using
software on the Region's Data General MV, were used
to create the required Certified Records Index. While
meeting the court’s requirements, these processes
were very time consuming and had little reference
capability beyond the “hard copy” index. A review
in 1986 did not surface any software operational on
the Data General MV system at that time that would
provide a better index and retrieval system.

Other Options Used
or Considered

Early in 1985, the Region considered numerous PC
software programs. None met al the needs identified,
most would require a considerable investment in
hardware, software, and time in order to become
useful. Also, this approach was counter to the Forest
Service policy of having, to the extent possible, Data
General MV-based software usable to more than one
computer station.

An Introducton t© DatalLib and
Its Use by Region 10

In 1987, the Region became aware of DatalLib, a
bibliographic software package operational on the
Data Genera MV Series computers. In June 1987,
the Chief granted technical approval for a pilot test
and stipulated the Region to evaluate the software
and report findings to the Washington Office after
6 months of use.

Introduction to DatalLib

DataLib is ah automated bibliographic system
developed by Sigma Data Services Corporation, now
Cordant Inc., for special libraries and document
management in summary form. It runs on Data
General Eclipse minicomputers and VAX. DatalLib
has been installed on customer sites since 1978,

first as an acquisition system for a group of Federal
libraries. In 1982, Sigma Data began development of
a more powerful and more flexible version. Other
new features included interactive updating, improved
security, more sophisticated searching and an

interactive updating, and an interface with shared
catalogs.

While covering all the features of R10-DataLib is
beyond the scope of this paper, some of the basic
features need to be covered to help illustrate the
structure and use of the database.

Cordant Inc. tailors Datalib software to meet
different bibliographic needs by use of a Data
Definition File (DDF). This file defines record layouts,
field definitions, print formats, etc. Region 10 has
used this ability to alow identification of numerous
databases (vis Group Codes) and various Record
Types.

Group Codes-Although Region 10 purchased one
license to use Datalib, and therefore only has one
program running in the Region, we currently have
provisions for eleven separate databases. Figure 1
illustrates the current databases. Other databases can
be easily added.

Access to each of these databases is controlled by each
user's Datalib profile. An individual can be granted
specific privileges for each of the databases. For
example, a person with Read and Edit capabilities to
the TM Group database may only have Read access
to the TLMP database and no access to the LMW
database.

Within the database group, distinct subgroups of
records are identified and searched separately by

use of a Function Code. Figure 2 lists some of the
subdatabases within the TM Group. Our current
policy is to assign a new code to each sale project
area Environmental Impact Statement (EIS). All
databases within Datalib can be searched at one time
or searches can be limited to subgroups or smaller.

Record Types-The Region 10 database defines 20
different Record Types, or types of documents within
the DDF. Figure 3 contains a complete list and short
explanation of the 20 Record Types. There are unique
Record Types for such documents as letters, agency
studies, books/publications, maps, meetings, telephone
conversations, etc. This facilitates limiting the size of
the record to what is needed to identify, describe, and
locate the individua record. For example, there is no
need for a Letter Record Type to have an element for
Scale as would be needed for a Map Record Type.
Figure 4 illustrates the DDF’s for the Letter and
Map Record Types.
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CNF

APC-AA

KPC-AA

LMW

OTH ER

RO-PLAN

SH ARED

TLMP

™

WDL

CH UGACH NATIONAL FOREST
Used by the Chugach NF for EIS and other documentfills.

APC AREA ANALYSIS OPERATING PLAN

Used to manage operating phns under tie Ahska Pub Co.
50-year contract

KPC AREA ANALYSIS OPERATING PLAN

Used to manage operating phns under the Ketaikan Pu b Co.
50-year contract

LANDSMINERALSMAN ATER USER

Used by tie Land, MineraB, and Watkrshed Staffto manage the
mining chims and associatd documents.

REGIONAL FORESTER ASSIGNED

Reserned for assignmenthy the Regiona IForestr 1o satisfy
one-time urgent needs.

REGIONAL OFFICE PLANNING EFFORTS

Used to manage p Bnning document and associated oth er papers
for any Regiona Ip Bnning e ffort

COMMON INFORMATION

Used 1 store 100+ training record and inform ation of a general
nature, not specific to a progct

SPOTTED OWL

Used to support the Spotied Ow BTeam bcatd in Porthnd, OR.

TONGASS LAND MANAGEMENT PLAN

Used tomanage the revised Tongass Land Management Phn and
associatd documents.

TIMBER MANAGEMENT

Used tbo manage tie APC and KPC bng-trm sall contracts and
associatd documents.

WORKING DOCUMENT LIBRARY

Used to manage refrence documents ofimportance to the
p Bnning processes and operation of tie Region.

Codes can be added to or remowed from tis Estby danging the data dictionary

fil (DDF).

Figure I-Group Codes for R10-DataLib.



APC Records and correspondence relating to
Alaska Pulp Company.

KPC Records and correspondence relating to
Ketchikan Pulp Company.

1987 CORRESPONDENCE

Used to identify material in the APC and
APC permanent files.

1994 CORRESPONDENCE

SEIS

81-86
86-90
84-89

CPOW

KB

TTRA

QUARTZ HILL

EM

Administrative of Court direct Supplemental
Environmental Impact Statement for APC.
First Planning Record where documents
were entered into R10-DataLib at the start
of the planning process.

Planning Record for 5-Year EIS for APC.
Planning Record for 5-Year EIS for APC.
Planning Record for 5-Year EIS for APC.

Planning Record for Bohemia Mountain
Timber Sale EIS.

Planning Record KPC Project Area EIS at
Central Prince of Wales.

Planning Record APC Project Area EIS at
Kelp Bay.

Document dealing with the Tongass Timber
Reform Act.

Planning Record for the U.S. Borax Mine
ElS.

Documents on file in RO dealing with New
Perspectives or ecosystem management.

Figure 2—Subdatabases within the T™M Group.
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AGENCY-STUDY

AGREEMENT

ANNOTATION

BOOKPUBLICATION

CASE

CLIPPING

CONTRACT

DOCUMENT

FIELD

FS_DECISION

Summarizes any study or planning documents (non
NEPA) prepared by the Forest Service or any Federal,
State, or loca government agency.

Unpublished research papers (generaly)

Informal research

Site-specific studies

Habitat Capability Models

Task force studies

Used to summarize any agreements between Region
10 and any other government office or private
business.

A linked record to the MAP record. Used to
summarize any annotation made on a map. The
MAP record has to be entered on the database before
entering the annotation.

Summarizes any book or formal publication.
Entire books
Entire publications
Published research studies
USDA Forest Service publications
Brochures
Leaflets

Used to summarize any court case.
A DOCUMENT record type is a linked record
to this record.

Summarizes any type of media clipping, press releases,
copies of parts of larger publications.
Clippings of information from other publications,
i.e., newspapers or magazines.
Include copies of parts of books or other formal
publications.
Press releases
Speeches

Used to summarize any contract:
THE CONTRACT FORM ITSELF.

A linked record to the CASE record.
Used to summarize any affidavits that are connected
to the court case.

Used to summarize any field prepared documents:
FIELD NOTES, FIELD MANAGEMENT NOTES.

Used to summarize internal Forest Service decisions.
Do not confuse with Records of Decision which go in
NEPA Study_Pub.

LAW_POLICY DIRECT Summarizes any law, policy, or government direction.

Forest Service Directives
Legal notices

Hearing notices

Federal Register

Figure 3—Record types for R10-DataLib (continued to next page).
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LETTER

MAP

MEETING

MEMO

NEPA_STUDY_.PUB

NOTE

NUMERIC-DATA

PHONE

STRATREC

Used to summarize any letter: EXTERNAL
CORRESPONDENCE OUTGOING OR INCOMING.

Summarizes any of the following:
Aerial photos; orthophotos
GIS maps
Topographic maps
Overlays
Quadrangles
Sketch
ANNOTATION is a linked record to this record.

Summarizes verbal communications between parties
when communication is NOT over the phone.

Public meetings

Presentations to groups

Interdisciplinary team meetings

Task group meetings

Leadership team meetings

Scoping meetings

Used to summarize any memorandum: INTERNAL
CORRESPONDENCE OUTGOING OR INCOMING.

Summarizes any NEPA document.
Notices of Intent; Records of Decision
Environmental Assessments
Environmental Impact Statements
Land Use Designation Prescriptions
Standards and Guidelines
Forest Plan

Summarizes any written communication that follows
no specific format.

DG (electronic) messages

Hand written messages

Flyers

Presentation Materials

Summarizes information that is numeric.

Data tables Diskettes
FORPLAN Flowcharts
Graphs Index
Inventories Printouts
Queries Spreadsheets
Tables

Used to summarize any telephone records kept of
appropriate telephone conversations.

Phone calls

Teleconferences

Used to save search strategies for future use in
retrieving documents. Will m-execute the same search
strategy when called using $FIND/U. Search results
may be different because of records added.

Figure 3—Record types for R10-DataLib (continued from previous page).
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LETTER RECORD

(Elements)

*%

*%

GROUP:

FUNCTION:
DESIGNATOR:
DOC-DATE:
FILE-DESIGNATION
SUBJECT:
AUTHOR:
RECIPIENT:
PAGES:

RESPONSE TO:

PUBLIC INVOLVEMENT:

ENCLOSURE:
KEYWORD:
SHORT-SUMMARY :

PRIVILEGED-SUMMARY::

FOIA-PRIVILEGE:
POSTMARK:
CABINET:
DRAWER:
FOLDER:
LOCATION:
BARCODE:
RECID:
CREATED:
LASTMOD:
OPID:
RECTY PE:
HISTORY:

MAP RECORD

(Elements)

* %
**

*%

*%
* %

* %

GROUP:

FUNCTION:

DESIGNATOR:

SUBJECT:

TITLE:

PUBLISHER:

DOC_DATE:

PHY SICAL-DESCRIPTION

MEDIA:

SCALE:

SERIES:

PAGES:

TYPE-OF-MAP:

FILE-DESIGNATION:

AUTHOR:

RESPONSE-TO:

PUBLIC-INVOLVEMENT:

ENCLOSURES:

KEYWORDS:

SHORT-SUMMARY :

PRIVILEGED-SUMMARY::

FOIA-PRIVILEGE:

CABINET:

DRAWER:

FOLDER:

LOCATION:

BARCODE:

RECID:

CREATED:

LASTMOD:

OPID:

RECTY PE:
HISTORY:

Elements for each record are in the order they are prompted for data entry.
** |ndicates elements in one record type, but not the other.

Figure 4—Data Definition Fills for the Letier and Map Record Types.




The Record Types in the R10 version of Datalib
were identified and defined by Region 10 personnel
with the help of expert technica guidance from a
Datalib systems person. At this same week-long
work session, the Group codes and the definitions
and characteristics of all the data elements were
established. To date, there have been only a few
minor adjustments to the original DDF.

Current Status of InpEmentation

1. The Tongass Land Management Plan Revision is
using Datalib to identify and index the planning
record. To date, this planning record consists of 4,493
documents, all entered in Datalib.

2. The Ketchikan Area, Tongass National Forest, has
indexed their massive planning and implementation
record for the Borax Molybdenum Mine, some 6,998.
The Borax Mine has a projected life of over 50 years.
The records for this project will, in all probability, be
much larger than those of the 50-year timber sales.

3. Timber Management (TM) has entered all the
Alaska Pulp Company (APC) and Ketchikan Pulp
Company (KPC) contract correspondence records
back to 1977. The Director, TM, has provided
direction for handling new documents.

4. Starting with the Supplemental EIS for APC,
1987, al planning teams working on EIS's for the
two long-term sales are using Datalib for document
storage and retrieval. Currently there are five EIS's
for project sale areas that are being completed by
contractors and six EIS's being completed by Forest
Service IDT’s. This has alowed the EIS IDT teams
to have access to previousy used reference material,
public input, and Forest Service decision documents.

None of contractors doing EIS's or any of the Forest
Service IDT’s for timber project areas are located in
Juneau, AK; where the Datalib software is housed on
the Regional Office (RO) Data Genera MV. Entry
and searches are accomplished using remote access to
the RO’s Data General MV.

5. The National Spotted Owl Team, stationed in
Portland, OR, used RIO-DatalLib to store and
retrieve their planning record. This alowed fast and
accurate searching for documents and rapid creation
of numerous indexes of the planning record, including
an index for the certified record.

Using DatalLib Database

Following are some of the more common uses of the
RIO-DataLib databases:

1. Find specific information and cites needed while
writing a document.

The Datalib records can be referenced while writing
letters, memos, technical reports, EA’s, EIS's and/or
Records of Decision (ROD'’s). Searches can be done
without exiting from the document being worked on.
The needed information from the Datalib record(s)
can be printed out to hard copy or just copied off the
screen.

The exact location of the origina is identified on the
Datalib record. This hard copy location indicator
is saving countless hours of searching through the
files looking for needed information or supporting
documentation.

2. Search for documents meeting a specific set of
criteria.

This involves entering DatalLib and performing the
desired search. Datalib tells you how many records
met each search criteria, and how many met all the
defined criteria.

3. Save a search strategy for record and future use.

Datalib has a provision to save search strategies for
future use. This alows repeating the same search
strategies when necessary. This facilitates keeping
track of what documents were found in response to
requests by Congress, the Washington Office, OMB,
an FOIA, and others.

4. Create Index of records in a format suitable for
certification to the courts.

DatalLib has wide carriage (132 characters) capability
that facilitates this need.

A listing of databases, sorted by date and author, can
be used as a check against duplication of entries.

Datalib reports can be exported to CEO and the
desired changes made. This also facilitates putting
page headers on each page as required for specific
specialized uses. With the Index Report in CEO, it
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can easily be shared and/or mailed anywhere within
the Forest Service.

Operational Advantages

The use of Datalib has helped get some tasks done
faster and more efficiently, and has aso helped to
take a close look at our existing filing systems and
those we design for specia situations such as NEPA
documentation. RIO-DatalLib has enabled us to
create a corporate database that will be available
for many years. As senior personnel retire, much of
their knowledge is contained in the database, making
it retrievable by almost everyone. Our dependence
on persona memories has been greatly lessened with
implementation of RIO-DatalLib.

Use of RIO-DataLib has:

1. Through the use of “deflected drawers,” provided
fully supported software to the forests, ranger
districts, research stations, and contractors, without
their having to train and fund their own software
manager.

2. Resulted in less duplication of documents in the
records.

3. Resulted in better documentation for new writing
and consistency with previous documents and
decisions.

4. Resulted in forests being able to access the RO’s
database on the long-term sales.

5. Provided faster and more thorough searches
for documents requested by Congressmen, FOIA,
managers, specialists, publics, and others.

6. Provided documentation of the planning record
that is easily accessed for reference and use during
implementation of the ROD and monitoring the
results. Monitoring and tracking of activities
promised by the ROD are essential not only for
compliance with NEPA, but aso to meet the spirit
and intent of ecosystem management.

7. Provided an efficient method to record, track, and
recall public comment. This allows long-term tracking
of public comment and facilitates analysis of both
short- and long-term public views, demands, and
desires.

Other Considerations

RIO-Datalib is not a magic “black box” that will
solve al data index and retrieval problems just

by being on line. It requires up-front work and
commitment to provide timely and quality input of
data records. This has proven to be a very important
factor. For example, documents should be filed and
recorded in DatalLib from the very beginning of a
project. This alows use of the very powerful search
capabilities of DataLib during the planning process
from the initial drafts to the final implementation and
monitoring.

New IDT’s, or any research project or study, have
access to the records used by previous and ongoing
projects. Not only is a great deal of start-up time
saved, but this reference capability facilitates
consideration of cumulative effects and connectivity in
relation to past and ongoing projects.

The quality of the data summaries is, of course, very
important. This is a one-time entry that may be used
for many purposes and for many years. Entry of data
into DataLib is a rather straight forward process that
is easily learned in less than half a day. There are,
however, certain rules and conventions that must be
followed. Most of these are needed in order to later
take advantage of the powerful search capabilities

of DataLib. Quality control of data entry must be
maintained.

Outlne ofthe Tech nicallAspects
ofthe DataLib Program

General Overview

e Datalib was developed to handle “specia” libraries.

e Run on Data Genera and VAX.

e Software is designed to be tailored to meet user
needs and be meaningful to users.

e Data records are defined to meet user needs.

e Software supports multiple users during input and
search processes.

e Prompts rather than screens are used.

e Authorities file, good for maintaining input
consistency and input edits.



e Cordant operates a hotline, provides training and
software maintenance and enhancements.

e Users are profiled giving or denying
functions/privileges, providing database security.

Search Retriexe Capabi Bties
e Most searches take 1 to 2 seconds.

e Searches may be performed on selected elements of
a record or the entire record.

e Software supports full Boolean string searches.

e Retrieved records may be displayed on the screen,
printed, or stored in a separate file.

e Retrieved records may be displayed in multiple
formats.

e Software logs all search strategies, these may be
saved, reused, and/or printed.

Security

e Through user profile, access is given or denied to
databases, record classes, individual records, and
element(s) within records.

e Each record added to the database contains the
name of the person and date of the action.

FS-INFO on Datalib

In 1991, the USDA established FS_.INFO on DataLib
as its library management tool. As a result, any
person with access to the Forest Service Data General
system at the most remote ranger station or via
telephone, is able to research documents available

in Forest Service libraries throughout the country.
This has provided the field resource manager and
researcher access to a vast storehouse of knowledge. It
has also set the stage for a more efficient technology
transfer. For example, there is no longer a need for
the library staff to summarize the new publications
and then send a hard copy of the summary to all
offices. The library staff can more efficiently spend
their time entering the new documents into FSINFO
DataLib.

Since R10-DataLib has records for a large number of
references, the librarians search it for documents that
are not yet in the general library. This emphasizes
an important point. If field managers and researchers
find an important reference document that is used

to influence our decisions, they have an obligation

to make the library aware of it. This will make

it available to anyone else that is searching for
information.

Conclision

Datalib software has proven to be very useful in

our daily work. It has aided in the accuracy and
consistency of our written documents. With each use,
new and more discoveries are made about the software
and its capabilities. It has had little to no impact

on computer resources or other system users. The
software is user-friendly by evidence of the amount of
training needed for people to be productive in the use
of the software. The software and information loaded
into the databases are a very valuable asset to the
Region that will increase in value in the future.
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De\e bping and Managing Sustainab B ForestEcosysttms
for Spoted Ow B in the Sierra Nevada

Jared Merner and Kevin S. McKelvey

Abstract

Studies of te Callfomia spoted ow Ihae rexeald
significantse Bction for habitat wit hrge. ol trees;

re htive ¥ high basalareas of snags; and re ltine b high
biomass in hrge, downed bgs. Based on p Bnning
document for nationallforest in te Sierra Neveda we
propced decOning amount of oBer-forest atiribus.
Region 5 has adoptd measures © retain tese atiributs,
generall distributd t roughout e conifer zone, for an
inerim period. We be lexe tata bng-trm strakgy for
te ow B, and for ot er spedes associakd w it oBer forest,
mustretain some e lof tiese atiributs tatoterwise can
ke over a entury  de\e bp afer regeneration hanest.

Introduction

A recent assessment of the status of the California
spotted owl (scientific names are given in the
Appendix) demonstrated the importance of retaining
sorne levels of older-forest attributes in conifer
forests of the Sierra Nevada to maintain a viable
population of the owls there (Verner and others
1992b). Based on this information, guidelines are
presently in place for national forests (NF’s) in the
Sierra Nevada to maintain future options for the
owl for an interim period. The intent during this
interim is to focus research on obtaining a more
detailed characterization of suitable habitat, for
the owls and to obtain more certain estimates of
population trends. Our objectives in this paper are
to summarize those aspects of the owl’s ecology
that relate to older-forest attributes, to discuss
those attributes in terms of past and present forest
management, and to provide some thoughts about
future directions for managing NF’s in the Sierra
Nevada.

Chief Research Wili Ife Biobgistand Progct Leader, USDA
Forest Senie, Pacific Soutiwest Research Station, Fresno,
CA; and Research Forestr, USDA Forest Senic, Pacific
Sout west Research Station, Arcata, CA (respective ¥).

The Calfornia Spotted Ow 1
General Bio bgy

Spotted owls in Sierran conifer forests use home
ranges on the order of thousands of acres. For
example, home ranges of eight pairs during the
breeding period in mixed-conifer forests in the
southern Sierra Nevada averaged 3,420 acres (SD =
858) (Zabel and others 1992a). Above about 4,000
feet elevation in the northern and 4,500 feet in the
southern Sierra Nevada, northern flying squirrels
are the owl’s predominant) prey. Gophers are also
important, with a variety of other small mammals,
a few bird species, and even some insects being
taken (Vernrr and others 1992a). Dusky-footed
woodrats dominate the diets of the owls at lower
elevations, with a cutoff probably between 4,000
and 4,500 feet, in elevation, depending on latitude.
Courtship and nest-site selection generally begin in
late February or early March and many pairs are
still feeding fledglings by mid- to late September.
Clutch size ranges from one to three eggs, but
nearly all clutches contain two. In a given year,
almost none to almost all territorial pairs may nest;
owl biologists consider it. a “good year” when at
least half of the pairs nest. Studies of radio-tagged
spotted owls in the Sierra Nevada indicate that
about 45 percent of the birds with summer home
ranges in conifer forests migrate to lower-elevation
oak-pine woodlands for the winter (Verner and
others 1992a).

H abitat Re Rtions

This section surnmarizes available evidence on the
structure and composition of suitable habitat for
spotted owls in Sierran conifer forests. Ninety-one
percent of all known sites of California spotted owls
are in the Sierra Nevada, and 81.5 percent of those
are in mixed-conifer forests. The remainder occur
in red fir (9.7 percent), ponderosa pine/hardwood
(6.7 percent), foothill riparian/hardwood (1.6
percent), and eastside pine forests (0.5 percent).
(An “owl site” is defined as an area with unspecified
dimensions where a single owl or a pair of owls has
been located. usually repeatedly.)



Major studies have investigated habitat relations
of the owls in four general areas from throughout
the length of the Sierra Nevada. From north to
south, study areas were in (1) the Lassen NF
(Zabel and others 1992a): This study area was
primarily at high elevations (5,500 to 7,200 feet)

in forests of red and white fir, and secondarily in
some lower-elevation habitats dominated by pines
and mixed-conifer forests. The area was a mosaic
of partial retention cuts. clearcuts, and uncut
stands (old-growth). (2) the Tahoe NF (Call 1990):
This study area was primarily in mid-elevation
mixed-conifer forest at 2,200-5,200 feet. The past
history of logging there created a diverse mosaic
of different stand ages, types, and densities. (3)
the Eldorado NF (Laymon 1988, Bias 1989, Lutz
1992): This extended from low- and mid-elevation
mixed-conifer forest to higher-elevation fir forest
(1 ,000-7,400 feet). Logging activity there was
strongly influenced by ownership patterns. About 44
percent of the land was in private industrial forests
occupying alternate sections in a “checkerboard”
pattern with Federal lands (Bias and Gutiérrez
1992). (4) the Sierra NF (Verner and others 1991):
This study area included two distinct habitat
types-one dominated by mixed-conifer forest at
elevations from about 4,500 to 7,500 feet, the other
dominated by hardwoods in oak-pine woodlands
and relatively dense riparian/hardwood forests at
elevations from about 1,000 to 3,500 feet. Results
from only the conifer portion of the study area are
included in this report.

Extensive and intensive analyses of results from
these studies revealed consistent, and often
statistically significant, selection in relation to
several habitat attributes (Gutidrrez and others
1992; Verner and others 1992c; Zabel and others
1992a, 199213). Most nest sites were selected in
dense stands (at least 70 percent canopy cover) of
mixed-conifer forest, and more than half were in
stands with average quadratic-mean diameters of
canopy trees >24 inches in diameter at breast height
(d.b.h.). Results of identical analyses in roost stands
produced parallel results. Nest and roost stands
showed consistent, often significant differences from
random locations in the forest in having higher
canopy cover, greater snag basal area, greater total
basal area of live trees, and greater softwood basal
area. Mean values for canopy cover ranged from
about 75 to 96 percent in the different studies, and
80 percent of all nest trees were in stands with

at least 70 percent canopy cover. The studies in
nesting and roosting stands suggested a range for
total basal area of live trees frorn 185 to 350 square
feet per acre, and basal area of large snags (>15
inches in d.b.h. and >20 feet tall) from 19 to 31
square feet per acre, and a range of 10 to 30 tons
per acre of relatively large downed woody material
(at least 11 inches in diameter).

Many of these parameters varied considerably, and
not all measures of habitat used by spotted owls and
at random locations differed significantly within a
given study. The data were, however, consistent and
mutually supportive among all studies. California
spotted owls in these several studies selected nest
and roost stands that were denser than average, that
contained a large-tree component, that included
more large snags than random sites, and that had
considerable biomass of relatively large downed
wood. We know of no studies that contradict these
findings.

Results of sirnilar analyses at foraging locations
indicated that the owls foraged in stands
characteristic of nest and roost sites. as well as in a
wide variety of other habitats having lower canopy
cover and a greater range of tree sizes and ages.
Nonetheless, in comparison with random locations
within the forest, owls tended to forage in sites
with higher canopy closure: greater basal areas of
live softwoods and of live softwoods and hardwoods
combined; greater basal area of snags: and more
dead-and-downed wood. In general, they foraged in
forests of intermediate to old age, typically with >40
percent, canopy closure.

Data from 124 nests in Sierran conifer forests
provided the most conclusive evidence of selection
for very large, old trees by the owls. Nest trees
averaged about 96 feet in height and 45 inches in
d.b.h.; canopy cover in the nest stands averaged
about 75 percent (table 1). The diameters of nest
trees were significantly greater than the average tree
in today’s conifer forest (fig. 1). Only 2.3 percent of
trees >10 inches in d.b.h. in the Tahoe NF’s M4G
stands were >40 inches in d.b.h., compared to 64.5
percent of the nest trees in Sierran conifer forests
that were that, large. Similarly, 89.5 percent of trees
in the M4G stands that were >10 inches in d.b.h.
were <30 inches in d.b.h., but only 13.1 percent

of the nest trees were that small. It is important

to note that this comparison should reduce the
likelihood of detecting spurious patterns of selection
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Table I-Nest stand and nest tree characteristics of California spotted owls in Sierran
conifer forests (based on Gutiérrez and others 1992)

Northern Sierra

Southern Sierra

Nevada Nevada
Number of nests 83 41
Nest trees:
Number in conifers 79 29
Number in hardwoods 4 12
Number living 61 29
Number dead 22 12
Mean elevation (in feet, 5,284 + 922 5,750 + 1,355
+ SD) n = 65 n= 41
Mean canopy cover of nest 75.4 £ 17.2 75.5 £ 27.4
stand (percent £ SD) n =28 n = 17
Mean diameter at breast 43.5 £ 14.7 46.7 £ 19.6
breast height (inches & SD) n = 81 n =41
Mean height (feet + SD) 96.8 + 36.7 95.0 + 52.7
n =75 n = 40
Nest types:
Cavities 55 27
Broken-tops 9 4
Mistletoe platforms? 4 2
Other platforms® 15 2
Unknown 0 4

2 Platforrn developed on top of a dwarf mistletoe broom.
b For example. a platform atop an old hawk nest, or one created by accumulated debris in

the fork of a tree with two or more leaders.
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Figure 1-A com parison of the diamet®r distributions of nest trees used by Calfornia spotied ow B in conifr forests of
te Sierra Nevada and of altrees >10 inches in d.b.h. as measured in M4G stands (mixed-conifer, overstory canopy
dominatd by trees >24 inches in d.b.h., and canopy cover >70 percent) on the Tahoe Nationall Forest

for large trees, because the comparison is based on
tree sizes only in M4G stands. These are stands of
mixed-conifer forest with the canopy dominated by
stems >24 inches in d.b.h., and canopy cover >70
percent-they have a higher density of large trees
than most other timber strata. Data from industrial
timberlands are consistent with these findings
(unpublished document by Robert J. Taylor, 1992,
entitled “ California spotted owls on industrial
forests,” California Forestry Association,
Sacramento, CA). No data from any study support
a contradictory view for conifer forests in the Sierra
Nevada.

A prevalence in these forests of cavity nests

(66 percent), nests on broken-topped trees (10
percent), and nests on mistletoe brooms (5 percent)
(Gutie'rrez and others 1992, table 51) showed that
most nest trees were not only large but also old
and decadent. Age data presented in Guti€e' rrez

and others (1992, table 5M), collected in the San
Bernardino ‘Mountains in southern California,
suggested nest tree ages generaly ranging upward
from 200 years. We lack data to directly age nest
trees used by spotted owls in the Sierra Nevada. To
obtain age estimates for these trees on the seven
westside NF’s in the Sierra Nevada, we analyzed
the inventory data that provide the basis for size,
age, and growth rates of the various timber strata
Timber strata were included in the analysis if they
were westside types. The large-tree grouping in the
inventory data included trees >39 inches in d.b.h.;
we used these data to compare with nest trees >40
inches in d.b.h. Any negative bias in age estimates
that may have resulted from this is probably too
small to be of conseguence.

Data from 86 strata were available from the Lassen,
Plumas, Tahoe, Eldorado, Stanislaus, Sierra, and
Sequoia NFs. Based on inventory protocols, ages of
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Figure 2—Distribution of te mean ages of trees >39 inches in d.b.h.

forest in the Sierra Nevada (n= 86).

relatively few trees were measured in each stratum.
Because trees in this diameter class are relatively
rare, much of the variability in sample estimates
may be due to small sample sizes. Nevertheless,
only 16 percent, of the strata sampled had average
ages of <200 years for trees >39 inches in d.b.h.
The mean ages of trees in this size class in these
strata ranged from 156.8 to 438.0 years, with an
overall average age of 258.1 years. Most strata-level
age estimates averaged between 250 and 300 years
(fig. 2). Age estimates for the strata important for
nesting by spotted owls were consistent with this
finding. We believe the data justify a conservative
assessment that the majority of nest trees used by
spotted owls in Sierran conifer forests were at least
200 years old.

Results of this and the several other studies of
habitat attributes important to the owl consistently
highlight the importance of very large, decadent
trees. These trees are important not only in
providing nest sites. but also in providing the snhags
that later fall, to become decaying logs that enrich

in a sanpk of timber strata fron westside national

the forest floor. From a silvicultural standpoint,
to reliably maintain a supply of these trees in the
landscape requires either maintaining older trees or
more quickly producing trees that have old-tree
attributes. This means more than just quickly
generating large-diameter trees (although this is a
starting point). The trees must have structural
characteristics similar to current nest trees. Most
of the cavities used by spotted owls are created
naturally, where large branches pull out as a result
of heart rot, leaving large-diameter holes. Clearly,
then, important features of these trees include
flattened crowns (broken tops and platforms) and
large limbs, as well as the presence of rot in the
upper stem.

Physiologically, we are looking at manipulating the
shift from excurrent (obvious central stem, single
leader) to decurrent (multiple leaders without an
obvious central stem) growth-a shift in conifers
that is linked to tree age and site quality (Daniel
and others 1979, p. 121). We also need to explore
the dynamics of rot and determine whether heart-rot



Figure 3-Nest tree with aduk and two fldglngs; te cavity abowe the birds, in e main sem t the right may haw
housed the nest at Bast 60 et abowe the ground. The tree was a sugar pine at an e Ination of 7,000 et on the Tahoe
Nationall Forest (photo by John S. Senser,26 June 1991).

patterns generally associated with older trees can
be encouraged through cultural techniques. An
approach would be to consider attributes of current
nest trees (e.g., fig. 3) and test various options that
might generate trees with the same appearance and
rot characteristics more quickly through silvicultural
manipulation. For example, Hall and Thomas (1979,
p. 139) suggested that old-growth conditions in the
Blue Mountains of Oregon and Washington could be
produced through stand manipulation if the rotation
were extended to 240 years. Their silvicultural
prescription included thinning during early stages of
stand development, and counted on logging damage
to encourage the formation of heart rot in the stand.
Until tested, however, the possible outcomes of this
prescription remain uncertain. Logging damage, for
instance, may produce root rot rather than the
desired heart rot.

If we cannot generate old-tree structures in

younger trees, we will be left with the only other
possibility-to retain significant, old-tree components
within the stands. In any case, this is the only
reasonable approach in the near-term. This logic

isat the heart of the recommendations in the
“CASPO Report” (Verner and others 1992c),
summarized below in the section entitled “Interim
Guidelines ”

In spite of the extensive amount of information
available on the habitats selected by the owl for
nesting, roosting, and foraging, we ill lack the
needed information to characterize the structure and
composition of habitats that will assure persistence
of spotted owl populations in the Sierra Nevada.
This is the case for at least three reasons: (1) the
habitats used by the owls are structurally and
florigtically very heterogeneous, and they have been
degraded by human activities over the past century;
(2) the studies have not been underway long enough;
and (3) nearly al data on owl habitats in Sierran
forests were obtained during a prolonged and severe
drought in California. Nesting by the owls tended
to be sporadic during the study period, and fewer
than 20 percent of pairs under study nested in some
years. Because not al pairs nest in al years, they
need to be studied over relatively long periods to
determine whether their reproductive output is
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sufficient to sustain a regional population. Existing
demographic studies have not been underway long
enough to make this determination with any degree
of certainty.

Status of the Calfornia Spoted Ow
Popu ktion in the Sierra Nevada

The most recent assessment of the status of the
owl’s population in the Sierra Nevada (Noon and
others 1992) failed to reject the null hypothesis
that the population was stable or increasing.
Demographic studies had been underway in four
locations-Lassen NF (2 years), Eldorado NF (6
years), Sierra NF (2 years), and Sequoia/Kings
Canyon National Parks (NP’s) (4 years). Based on
detailed knowledge of the histories of color-banded
owls, researchers estimated age-specific rates of
reproduction and mortality, and identified all cases
in which owls disappeared from territories and were
replaced (or not) by other owls.

Owl banding had been underway long enough to
estimate population trends in only two study
areas-Eldorado NF and Sequoia/Kings Canyon
NP’s. The estimates suggested about a 5 percent
annual rate of population decline (alpha = 0.05; P
= 0.1271) from 1986 through 1991 in the Eldorado
NF population, and about a 3 percent annual rate
of population decline (alpha=0.05. P = 0. 2709)

in the Sequoia/lKings Canyon NP’s population
from 1988 through 1991. These estimates were not
significantly <1.0, so we cannot conclude that the
populations were declining. Each test, however,
had a power of only 0.30 to detect a real decline of
5 percent per year. This means that, even if the
populations actually had that rate of decline, it
would not be detected 70 times in every 100 studies
of equivalent size. The low power resulted from a
relatively small number of marked birds, and the
large standard errors of parameter estimates (Noon
and others 1992). The correct inferences to draw
from these results are that we cannot be certain
about the true trends of these populations during
the periods of study.

If the quality of owl habitat has undergone a
gradua decline in the Sierra Nevada, the effects
may be subtle and difficult to detect. Because we
lack adequate, historical inventories of Sierran

owls, we have nothing to compare with present
inventories. The current distribution and abundance

of the owls, however. suggest no decline in their
overal distribution in the Sierra Nevada, but it

is less clear whether any decline in abundance

has occurred within any forest type. Relatively

few large areas exist that have sufficiently low
densities of owls to engender some concern. The
observed (nonsignificant) declines in the Eldorado
and Sequoia/Kings Canyon populations may have
reflected the fact that both studies were done
coincident with the severe and prolonged drought in
Cdlifornia. These studies are continuing in an effort
to determine the true trends of the populations.

Sierran Forests-Past Present and
Future

The Past

Sierran forests prior to European settlement

of the west were characterized by extensive
canopies dominated by large trees, relatively open
understories with only occasional fuel ladders, and
probably relatively little surface fuel (figs. 4 and
5). This condition has been markedly changed

Figure 4-A \irgin forest near Strawberry, on theStanislaus
Nationa Il Forest Conifrs in tis stand inchlided sugar pine,
ponderosa pine, true fir, and incense-cedar (USDA Forest
Service fil photo, 1920).



Fgure 5-A stand of oli-grow tt 2ffrey pines on te Lassen Nationall Forest (USDA Forest Service fik photo, about 19 20).

in various ways by human activities, however,
especially during the past 150 years (McKelvey

and Johnston 1992). Major impacts resulted from
grazing by a million or more sheep from the early
1860's through the first decade or so of this century;
peak numbers occurred in the 1870’s. Extensive
early logging took place coincident with sheep
grazing, primarily at low elevations near towns,
mines, and along transportation corridors. Timber
production reached a peak about 1950 (McKelvey
and Johnston 1992, figure 11T), dropping some from
that level but remaining relatively high in most
years since. Fire suppression began in the early part
of this century and became increasingly aggressive
as time passed.

The coincidence of at least four factors, early in this
century, resulted in a maor pulse of regeneration
(fig. 6). These were (1) “churning” of the soil by
sheep. and later removal of the sheep from the land
during the first decade of the century; (2) onset of a
wetter-than-normal climatic cycle during most of the

century; (3) removal of dominant, overstory trees
by logging; and (4) development of increasingly
aggressive fire suppression. As a result, forests

in the Sierra Nevada were subject to extensive
development of fuel ladders, accumulation of surface
fuels, and ingrowth of shade-tolerant conifers such
as white fir and incense-cedar (e.g., figs. 7 and

8) (McKelvey and Johnston 1992, Weatherspoon
and others 1992). A decline in the number of

large, old trees resulted from logging and natural
attrition of the old forest. Past logging activities
that concentrated on removal of the largest, most
valuable trees broke up the patchy mosaic of the
natural forest, further enabling the development of
dense conifer regeneration. These events, especially
in ponderosa pine and mixed-conifer forests, reduced
large-diameter trees in many areas to small remnant
populations. These changes have not occurred to
the same degree in the red fir type, where fires were
less frequent historically, and where logging was
generally uncommon until recent decades.
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The Present

Because of current stand structures and excessive
fuel loadings in much of the Sierran mixed-conifer
type, fires that escape initial attack-usually fires
occurring during extreme weather conditions-tend
to become catastrophic. Fire trends in the Sierra
Nevada can be expected to continue aong their
current trajectories, with more frequent catastrophic
fires. As the human population increases in Sierran
forests and woodlands, the presence of numerous
houses within the forest will shift further the
emphasis of suppression from saving forests to
saving property. Fuels also continue to accumulate,
with the recent drought-induced bark beetle
infestations contributing a major pulse of new fuels
over the next few decades. We expect the net result
to be a much higher incidence of stand-destroying
fires in the future than was the case prior to

this century. Those fires will continue to destroy
remnant. individual old trees, stands of old trees,
and other old-growth attributes.

The Future

Logging trends based on Land Management Plans
(LMP’s) of NF’s in the Sierra Nevada also pointed
to a continuing decline in the number of old trees
and remnant stands of old-growth forest. Sixty-five
percent of the forested lands on Sierran NF’s

were classified as suitable for timber production
(McKelvey and Weatherspoon 1992). Discounting
forested acres that could not produce timber
commercialy because they were too poor in quality,
they could not be successfully regenerated, or they
had unstable soils, 74 percent of the lands that
could potentially produce timber would have been
harvested in some manner. Seventy-two percent of
the timber volume would have been taken through
even-aged systems-mostly clearcuts. Of the 528,474
acres of suitable timberlands on the Tahoe NF,

for example, 68 percent were slated for even-aged
silviculture (24 percent long rotation, 44 percent
short rotation) (McKelvey and Weatherspoon 1992).
On the Plumas NF, 52,000 acres were scheduled for
even-aged cutting per decade, with 8,000 acres in
selection cutting methods.

Clearcut, seed-tree, and shelterwood cutting
techniques all have the same goal: produce
even-aged stands. In this regard, seed-tree and
shelterwood systems usually can be thought of as
two-stage (sometimes three-stage) clearcuts. Few

stands were scheduled to retain the seed trees.

In terrns of owl biology, the primary impact of
traditional, even-aged silviculture lies in the creation
of simple stand structures and, probably more
importantly, the removal of all large trees from
vast areas of the forest. Even if prescriptions were
modified to leave snags and live culls at the first
cutting, no provision was made for a predictable
recruitment of replacement trees for these relics
when they fell. This, in turn, would have led to a
loss of large-diameter downed logs important in the
production of fungi that, are a primary food source
for flying squirrels-the main prey of spotted owls
in Sierran mixed-conifer forests (Verner and others
1992a). Log dlash can create much small-diameter
woody debris, but it cannot replace the large logs.
In an even-aged system, these old-growth features
can be created only by an extreme extension of
the rotation interval. Even if the rotation were
extended to 150 years, for instance, no trees would
match the average age of the forest at the beginning
of this century in the Sierra Nevada (McKelvey
and Johnston 1992). Decadent tree features (e.g.,
cavities, broken-tops, snags) in stands are functions
of age, not just d.b.h. Without those features,
animals that depend on them, or the large woody
debris they create, would simply drop out of the
forest ecosystems.

Even on lands planned for selection harvest, (about
80,000 acres/decade), harvest prescriptions did

not guarantee retention of any large, old trees.
Ideally, stands managed for individual-tree selection
are logged in a manner that, brings the diameter
distribution in the stand into conformity with an
idealized distribution, characterized by a declining
exponential function (the inverse “J” curve). The
number of large trees in a stand is dictated by the
slope of this curve and the designated diameter

of the largest tree. In selection harvests. timber

is taken from all diameter classes as needed to
maintain this diameter distribution. Little evidence
exists. however, that historical patterns of partial
cutting have followed the classic single-tree theory.
“Selection” harvest in the Sierra Nevada has, in
the past, primarily targeted the large trees. This
system, sometimes called “pick and pluck,” does
not produce the simple, even-aged structures that
characterize clearcutting techniques, but its effect
on the presence of large, old trees is similar. If the
large trees are removed and no stocking control

is done on the smaller stems, replacement trees

in these diameter classes will be produced very
dowly, if at. al, and they will consist primarily
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of the more shade-tolerant species. Even with
classical single-tree selection, a gradual loss of
shade-intolerant, species would be likely.

The future forests of the Sierra Nevada, as projected
by the LMP's, would have been split between areas
of even-aged plantations and areas of dense and
increasingly small-diameter stands. Given these
projections, it seems most likely that the forest to
be generated by adherence to the LMP's would have
been susceptible to severe fire disturbance, nearly
devoid of large, old trees, and depauperate in terms
both of plant, and animal species that depend on
attributes of the older forests that were common
last century. The key elements of spotted owl nest
and roost stands definitely would have declined
sharply over most of the Sierra Nevada in the next
few decades. Without them, a hiatus of well over
100 years would pass before more would grow to
take their place. In the process, the spotted owl
would probably be markedly reduced in numbers
over most, of the Sierra Nevada, possibly with

viable subpopulations surviving in Yosemite and
Sequoia/Kings Canyon NP’s.

WhatDoes itAMMean?

We are uncertain whether the Sierran populations of
spotted owls are in decline. Continued adherence to
the LMP's in effect in 1992, however, would have
continued to erode the abundance and distribution
of those kry habitat attributes consistently
associated with occupancy and nesting by the
owls. Unchecked, we believe this trend would have
led to significant declines in the abundance and
distribution of the owls in the Sierra Nevada. Of
greatest concern to us at this time is the possibility
of the rapid disappearance of large, old, and
generally decadent trees selected for nesting by

the owls. These same trees eventually become the
large snhags, and finally the large fallen logs, that
we believe are important for maintaining suitable
owl habitat. Once gone, they could not be replaced
quickly.

In addition to our concern about the loss of key
“old-forest” attributes. we believe that the extensive
accumulation of surface and ladder fuels in the
relatively dry, ponderosa pine and mixed-conifer
forests on the western slopes of the Sierra Nevada
will foster major stand-destroying fires. Recent

Sierran fire history teaches us that these fires can
engulf tens of thousands of acres in a matter of a
few days. In such events, essentially all resource
values are eliminated or seriously degraded, not just
vast acreages of suitable owl habitat.

Deallng with the Current Situation
Interim Guide EInes

Uncertainties about (1) the real status of owl
populations in the Sierra Nevada and (2) the
specific details of habitat structure and composition
that, would assure self-sustaining populations of
owls precluded recommendations for long-term
management of the owl. Instead, the Technical
Assessment Team recommended an interim approach
to allow more time for research to eliminate some of
the uncertainties (Verner and others 1992c).

The Team identified eight major factors of concern
in habitats of California spotted owls in the

Sierra Nevada (table 2). These involved projected
declines in the older attributes of forests believed
to be important to the owl, the long recovery time
for owl habitat after regeneration harvests, and

the excessive accumulation of surface and ladder
fuels. Recommendations in the CASPO Report
were later adopted as the preferred alternative in
an Environmental Assessment (EA) of the owl in
the Sierra Nevada (USDA Forest Service 1992).

The Decision Notice (Stewart 1993) set March 1,
1993 as the start date for a ‘L-year interim period to
implement the spotted owl guidelines, during which
time a full Environmental Impact Statement dealing
with this matter is to be completed.

Interim guidelines (summarized in table 3) stress
protection of nest and roost areas; retention of
large, old trees, large snags, and large downed logs;
and efforts to begin dealing with the excessive
surface and ladder fuels that have developed in
Sierran conifer forests since the first decade or so

of this century. Specifically, the guidelines require
delineation of a 300-acre “Protected Activity
Center” (PAC) around known owl sites. Commercial
logging is excluded in PAC’s, but light underburning
is allowed in certain circumstances to deal with
fuels problems. Within “ Selected Timber Strata”
(those shown to be significantly selected for nesting
by the owls), guidelines suggest removal of no live



Tab B z---Summ ary of mapr facors of conern in habitat of CaMHornia spoted ow B in te Sierra Nevada, reasons for t ose

factors, and teir impacs on te ow I (tken from

Verner and oters 1992¢)

Factor

Reason(s) for the factor

Im pact on spoted ow

Declne in abundanc of \ery
hrge! ol ftrees

Long recovery period for spotkd
ow Ihabitat afer bgging

Ingrowth of shade-toBrant tree

speces, creating unnatural
dense stands wit ground-to-crown
fue I Rdders

Excessive bui B-up of surface
fuel

Loss of hrge-diame®r bgs from
te decaying wood source on te
ground

Declne in snag density

Disturbance and/or rem ovall of
duff and topsoil hyers

Change in com position of tree
species (fwer pines and b hck
oaks, more firs and incnse-cedar)

Se Bctinve bgging of te
from stands

Brgest trees

Se Bctinve bgging of the
from stands

Brgest trees

Se Bction hanest aggressine fire

suppression; sheep grazing, which
creatd ideallseedbeds for conifer
germinaton ht kst entury

Aggressine fire suppression over tie Bst
90 years, Bading t higher densities of
trees, more compet